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SPECIFICATIONS 



FOR 



TRIPLE-EXPANSION 



TWIN-SCREW PROPELLING ENGINES, 



WITH BOILERS AND AUXILIARY MACHINERY. 

REFERENCE BEING HAD TO THE DRAWINGS ACCOMPANYING AND FORMING 

PART OF THESE SPECIFICATIONS. 



GENERAL DESCRIPTION. 

The propelling engines will be rights and lefts, placed in 
water-tight compartments and separated by a middle-line 
bulkhead. These engines will be of the vertical inverted- 
cylinder, direct-acting, triple-expansion type, each with 
a high-pressure cylinder 42 inches, an intermediate-press- 
ure cylinder 59 inches, and a low-pressure cylinder 92 
inches in diameter — the stroke of all pistons being 42 
inches. It is estimated that the collective indicated horse- 
powder of propelling, air-pump and circulating-pump en- 
gines should be about 13,500 when the main engines are 
making about 129 revolutions per minute. The high- 
pressure cylinder of each engine w411 be forward and the 
low-pressure cylinder aft. The main valves wnll be of the 
piston type, worked by Stephenson link-motions with 
double-bar links. The valve-gear of the intermediate- 
pressure and low-pressure cylinders will be interchanger- 
able. There will be one piston-valve for each high-press- 
ure cylinder, two for each intermediate-pressure cylinder, 
and four for each low-pressure cylinder. Each main 
piston will have one piston-rod, with a cross-head work- 
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ing on a slippcr-gnkle. The framing of the engines will 
consist of cast-steel inverted Y-frames at the back of 
each cylinder and cylindrical cast-steel columns at the 
front. The engine bed-plates will be of east-steel, sup- 
ported on wroujrht-steel keelson plates built in the 
vessel. The crank-shafts will be made in three inter- 
changeable and revcr.sible sections. All shafting will 
be hollow. The shafts, piston-rods, connecting-rods, 
and working parts generally will be forged of mild 
open-hearth steel. 

The condensers will be made cjf compo.sition and sheet- 
brass. Each main condenser will have a cooling surface 
of about 9450. square feet, measured on the oiitside of 
the tubes, the water passing through the tubes. For 
each propelling engine there will he a double, vortical, 
single-acting aif-pumj) worked by a vertical simple 
engine. The main eireulati"g-pumps will be of the 
centrifugal type, two for each condenser, worked inde- 
pendently. The ]»ropcllers will be right and left, of 
manganese bronze, or approved equivalent metal. 

Raeh engine-room will have an auxiliary condenser, 
made of composition and sheet-brass, of sufficient ca- 
pacity for (me-half the auxiliary machinery, each con- 
denser being connected with all the au-NJliary machinery. 
Each of these conden-scrs will have a combined .lir and 
cireulating-pump. 

There will be four double-ended and two singlc-cndcd 
steel boilers of the horizontal-return fire-tnbc type, about 
15 feet 3 inches outside diameter, and about 21 feet 3 inches 
and 10 feet tt'/. inches long, for the double-ended and 
single-ended boilers, resncctivcly, all constructed for a 
workingpressureof 1 do pounds per .square inch. They will 
be placed in four water-tight compartments, a,s shown on 
the drawings. There will be two alhwart-shi]) fire-rooms 
in each of the boiler-compartments. Each of the single- 
ended boilers will have four, and each of the double-ended 
boilers will have eight corrugated furnace- flues, 3 feet 
3 inches internal diameter. The t()tal heating surface 
will Iw about 28,29R.f)4 stjuarc feet, measured on the 
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outer surface of the tubes, and the grate surface 824 
square feet. There will be in each fire-room in which 
the check-valves are placed an approved main and an 
approved auxiliary feed-pump, and in each engine-room 
an auxiliary feed-pump. There will be two smoke-pipes. 

The forced-draft system will consist of one blower for 
each fire-room, discharging into an air-tight fire-room. 
Air-tight bulkheads will be fitted so as to reduce the space 
to be maintained imder pressure. 

There will he steam reversing-gear, ash-hoists, turn- 
ing-engines, auxiliary pumps, engine-room ventilating- 
fans, engine for work-shop machinery, hydraulic pump- 
ing plant for various purposes, turret -turning engines, 
a distilling apparatus, and such other auxiliary or sup- 
plementary machinery, tools, instruments, or apparatus 
as are described in the following detailed specifications 
or shown in the accompanying drawings. 

2. CTLIiniEIUI. 

They will consist of casings of best quality of cast-iron, 
with working-linings for the cylinders and valve-chests. 
The cylinder casings will include the valve-chests, steam- 

Eorts and passages, the lower heads, and the various 
rackets to which the cylinder-supports will be attached. 
The steam and exhaust-ports will be smoothly cored to 
the dimensions shown in drawings, the walls of the 
pa.ssages being strongly stayed by ribs and bolts. 

The brackets for securing the cylinder tie-rods and for 
bolting the cylinders to each other will be so faced that 
when bolted together the centers of the cylinders will 
be 9 feet 7J2 inches apart, with the cylinder-axes all in 
one plane and parallel. The cylinder casings will be 
bolted together at the bottom and to their frames by 
body-bound steel bolts, and secured to each other at the 
top by forged-steel stay-rods, fitting in sockets on the 
cylinder casings. 

They will be in a vertical position when bored to their 
respective diameters. 

3. EI0H-FB£8SUR£ CTLIirDEB CASnTOB. 

The heads will be cast with double walls and the bar- 



rels will be i3^ inches thick. Each will have one piston- 
valve. They will be faced and bored, as shown, for the 
reception of the workinj^-cylinder linin^^s and for the 
valve-chest lininj^s. There will be an annular passage at 
the top and bottom of the cylinder casing for the live 
steam from the main steam -pipe. These passages will 
be connected at the forward side of the casing by a ver- 
tical passage cast with the casing, and fitted with an 
opening and faced flange for the main steam-pipe. The 
walls of the steam passages will be i^h inches thick and 
ribbed as called for on the drawings. The brackets at 
the bottom for attachment of the supporting frames and 
columns will be well ribbed and faced for the frames and 
columns. There will be brackets faced and fitted with 
caps for securing the tie-rods from the intermediate cyl- 
inder casing, and faced flanges at the bottom for bolting 
to the intermediate-pressure cylinder. The walls of the 
steam passages will be properly stayed. There will be 
facings, flanged and ribbed where necessary, for the 
attachment of the cylinder and valve-chest covers, steam- 
pipes, exhaust-pipes, piston-rod stufting-boxes, relief- 
valves, drain-cocks, indicator-pipes, drain-pipes, oil- cups, 
starting-valve pipes, and starting-valve chests. The un- 
finished part of the bore will be pickled to remove the 
scale. 

4. IHTERMEDIATE-PRESSURE CYLINDER CASDTOS. 

The heads will be cast with double walls and the bar- 
rels will be 1^2 inches thick. Each will have two piston- 
valves. There will be brackets faced and fitted with caps 
for securing the tie-rods from the high and interme- 
diate-pressure cylinder casings, and faced flanges at the 
bottom for bolting to the high and low-pressure cylinder 
casings. There will be faced brackets for the supporting 
frames and columns. There will be a ii x 15-inch man- 
hole in the lower-head. There will also be facings 
for attaching the steam and exhaust-pipes, receiver 
safety-valves, receiver live-steam pipes, relief-valves, 
starting-valve pipes, starting-valve chests, jacket steam 
and drain-pipes, pistourrod stuffing-boxes, and man-hole 
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covers; also for indicator-pipes, oil-cups, and drain- 
cocks. The unfinished part of the bore will be pickled 
B the scale. 



5. LOW-PEESSUBE CYLINDER CASINOS. 

The heads will be cast with double walls and the bar- 
rels will be iK' inches thick. There will be brackets 
faced and fitted with caps for sccurin}^ the tie-rods from 
the intermediate-pressure cylinder casings, and faced 
flanges at the bottom for bolting to the intermediate- 
pressure cylinder casings. Each will have four piston- 
valves. There will be faced brackets for the supporting 
frames and columns, also facings for man-hole covers, 
steam and cxhaiist-pipes, au.\iliary exhaust-pipes, re- 
ceiver safety-valves, receiver live-steam pipes, starting- 
valve pipes, starting-vah'c chests, jacket steam and 
drain-pipes, relief-valves, piston-rod stuffing-boxes, indi- 
cator-pipes, oil-cups, and drain-cocks ; also facings as 
may be required for the re ver sing-gear. The unfinished 
part of the bore will be pickled to remove the scale. 

e. CTLINDEB LININGS. 

They will be of close-grained cast-iron as hard as can 
be properly worked, turned and faced to fit the cylinder 
casings. Kuch lining will have a bearing at about the 
middle of its length. 

The linings at the top will be secured to the casings 
by round-headed counterbored steel bolts, placed radi- 
ally around the countcrbore, and spaced as shown on the 
drawings. The bolt-holes in the linings will be counter- 
bored to receive the heads of the bolts, the nuts being 
on the outside of the casings. 

The linings, after being secured in place in the cas- 
ings, will be smoothly and accurately bored to diameters 
oi 42, 59. and 92 inches for the high, intermediate, and 
low-pressure cylinders, respectively, and to a thickness 
of I % inches, the boring to be done with the cylinders in 
a vertical position. The linings will be counterbored at 
both ends, leaving the working bores 3 feet 8}^ inches 
long. The unfinished parts of the linings will be pickled 
to remove scale. 



The joint at the lower end of each liner of the interme- 
diate-pressure and low-pressure cylinders will be made 
tight, with allowance for expansion, by a eopper ring 
a^ut i'a inch thick. This copper ring will be backed by 
a wteiight-iron ring t}i inches wide and -^„- inch thick, 
the two rings together being secured to the cylinder- 
liner by 5^-inch wrought-iron screws, spaced not over 3 
inches. 

A similar backing-ring and screws will make a tight 
joint between the same copper ring and the facing pro- 
vided on the cylinder casing. The facings of lining and 
casing will be cut away under the middle of the copper 
ring, and the edges of the backing-rings chamfered to 
allow of free expansion. 

7. CnniDER COVERS. 

They will be of cast-stccl, well stiffened by ribs, each 
fitted with a lo-ineh man-hole. They will be so formed 
as to leave as little clearance as practicable. 

Pockets will be cored for the heads of the piston-fol- 
lower bolts. Each cover will be turned and faced to fit 
its cylinder casing, bored and faced at man-hole, and 
finished on outside of flanges. 

The cover of the high-pressure cylinder will be secured 
to the cylinder casing by thirty-four 1 Jj-inch steel studs, 
the cover of the intprmediate-pressure by forty ij^-inch 
steel studs, and the low-pressure cover by sixty-two 
ij^-inch steel studs. 

Holes will be drilled and tapped for jack-bolts and 
eye -bolts. 

The thickness of the covers will be 1 inch for all the 
cylinders. 

8. CTIIHSER KAN HOLE COVERS. 

They will be of cast-steel, cored for clearance of piston- 
rod nuts, turned and faced to fit man-holes, and finished 
on the outside of flanges. They will be secured by four- 
teen i^i-inch steel studs, spaced as shown in the draw- 
ings, and will have holes drilled and tapped for jack- 
boTts. 



9. OYLIVDER CLEAKAITCES. 

Care will be taken that the clearances in the cylinders 
are made no larger than absolutely necessary. After 
the enjfines are set up in place and connected, the vol- 
ume of the clearance at each end of each cylinder will 
be carefully measured by filling the space with water or 
oil, and the result plainly marked on some conspicuous 
part of the cylinder casing. Jlarks will also be made on 
the cross-head guides showing the position of the pistons 
when the clearances were measured. 

la STEAM-JACKETS. 

The intermediate-pressiire and low-pressure cylinders 
will be steam-jacketed on sides and bottoms. 

The space left armmd the working linings for steam- 
jackets will be ^4 inch in depth. All ribs must be cored 
out so as to allow a free circulation of the jacket-steam 
and a free drainage of the water of condensation. 

Steam for tlie jackets will be taken from the main 
steam-pipe in each engine-room, <>n the boiler side of the 
engine stop-valve, by a 2-inch pipe. From this pipe a 
i;->-inch branch will lead to the intermediate-pressure 
jacket. This branch will have a ij~i-inch adjustable- 
spring reducing- valve, adapted to pressures of from 
20 to 80 pounds. 

Another i,'j-ineh branch will lead to the low-pressure 
jacket. This brancli will have a i,'L'-inch adjustable- 
spring reducing- valve, adapted to pressures of from o to 
30 pounds. 

Each branch steani-iiipe will liave a stop-valve close 
to the jacket. 

There will be on each jacket steam-pipe, on the jacket 
side of the reducing- valve, a i 'j-inch adjustable-spring 
safety-valve, adapted to the same pressures as the re- 
ducing- val ves, 

A I -inch drain will lead from the lowest part of each 
jacket to an approved automatic trap with blow-through 
and by-pass pipes and valves, thence to the lower part 
of the feed-tank, with a branch to the bilge. Each drain- 
pipe will have a stop-valve close to its jacket. The 



drainage system of the jacket of each cylinder will be 
entirely independent as far as the trap- discharge, from 
which point the drains maybe in common. All pipes in 
the jacket-drain system will have union joints so as to 
be easily overhauled. 

11. VALTE-CHESTS. 

The valve-chest of each high-pressure cylinder will be 
fitted for one piston-valve, each intermediate-pressure 
for two, and each low-pressure for four. 

There will be openings at each end for inserting and 
removing the valves and working linings. The chests 
will be accurately bored and faced for the reception of 
the working linings. 

Before the insertion of the linings the steam and ex- 
haust passages must be thoroughly cleaned out and 
pickled, and care taken that the pas.sagcs are nowhere 
contracted to less than the specified areas. 

Each intermediate-pressure and each low-pressure 
valve-chest will have a 3-inch adjustable-spring safety- 
valve of approved pattern. They will be loaded to 80 
and 25 poimds, respectively, for the intermediate and 
low-pressure chests. 

All valve-chests will also be fitted with approved com- 
position druiu-ciieks or valves that may be operated from 
the working-platform, the valves to discharge through 
pipes into the bilge and feed-tanks, with the necessary 
valves for directing the water to either. 

18. VALTE^HEST LININGS. 

There will be a working lining at each end of each 
valve-chest for each piston-valve. They will be of close- 
grained cast-iron as hard as can be properly worked, 
accurately turned and faced to fit the casings, and accu- 
rately bored to an internal diameter of 18 inches in the 
high -pressure, and 23 inches in the intermediate-press- 
ure, and 21 inches in the low-pressure, leaving the walls 
1 inch thick. 

They will be forced into place, making all joints per- 
fectly tight, and secured by screws tapped half into the 
linings and half into the casings. 



The steam-ports will have straijfht bridges for the 
high-pressure valves, and alternating right and left 
diagonal bridges for the low-pressure and intermediate- 
pressure valves, taking up not more than one-fourth of the 
port area. 

The edges of all ports will be finished to a uniform 
outline. 

13. VALVE-CHEST COVERS. 

They will be made of cast-steel, in dished form, and 
will be well ribbed, as shown on the drawings. They 
will be finished alt over on the outside, except the re- 
cesses between the ribs. 

All flanges will be turned and fa?ed to fit the openings 
in valve-chests and finished on the outside and edges. 
Each lower cover will be faced and bored to receive the 
valve-stem stuffing-boxes. The upper covers will have 
openings forming cylinders for the balancing- pistons, 
which will be bored to diameters of 5^4, C, and 9 inches, 
respectively, for the high, intermediate, and low-pressure 
valve-chests. There will be approved provision for proper 
oiling of the valve-stems. Each upper cover will have 
a smaller cast-steel cover finished all over, fl:inged and 
bolted on, over the ot>cnings for the balance-pistons. 
The lower covers will have the necessary faces for 
securing valve-stem cross head-guides. 

14. PISTOH-VALVES. 

The high-pressure valves will be of cast-iron, each in 
three parts as shown. The ends will have a general thick- 
ness of ,'8 inch and the middle part % inch. The inter- 
mediate-pressure and low-pressure piston-valves will be 
of composition, with a general thickness of /„- and ^i 
inch, respectively, and a thickne-ss at the ends of yi inch. 
Each valve for the intermediate and low-pressure chest 
will be made in one casting, and fitted at each end with 
a follower, wearing-ring, and two packing-rings. 
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The followers will be of composition, secured in place 
by steel through-bolts with wrought-iron nuts and 
brass split-pins. The follower-bolts will pass through 
lugs on the inside of the valve-shell and have their heads 
so formed and fitted as to prevent turning. The wear- 
ing-rings will be of cast-iron, finished to a neat end fit 
between packing-rings. They will be smoothly and ac- 
curately turned and faced. The packtng-rJngs will be 
of hard cast-iron, turned larger than the bore of valve- 
seat, cut obliquely, tongued, and sprung into place. 

Provision will be made to prevent the packing-rings 
from over-riding the seats when the valve-gear is dis- 
connected. 

16. VALTE41TEK8. 

The high-pressure valve-stems will take hold of the 
link -blocks. 

The lower end of each intermediate-pressure and low- 
pressure valve-stem will be secured to its cross-head by 
a collar-nut above and below the cross-head, the nuts 
being kept from turning by set-screws. 

The holes in cross-heads of valve-stems will be ellip- 
tical. 

The upper end of each valve-stem will be constructed 
as shown in drawings, for the purpose of securing pistons 
for balancing-valves. 
16. CTLIHSEB BELIEF-VALVES. 

There will be an adjustable-spring relief-valve of 4 
inches diameter on each end of the high-pressure and 
intermediate-pressure cylinders, and the top of the low- 
pressure cylinders, and two adjustable-spring relief- 
valves of 4 inches diameter at the bottom of the low- 
pressure cylinders. The valves and their casings will be 
of composition. Pipes will lead from the relief- %'alves to 
the bilge with easily-broken joints. 

These valves will have nickel seats or their equivalent, 
and the valve-fittings will be so constnicted that the 
valves can be easily overhauled without slacking the 
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springs and so that steam will not come into contact with 
the springs. The springs will have approved means of 
adjustment, and will be lon^ enongh to allow the valves 
to open to their full extent without unduly increasing the 
loacl. The valves will be guided by loosely- fit ting wings. 
The springs will bear on shoulders on spindles which fit 
loosely in sockets recessed in the backs of the valves. 
These spindles will be so fitted that the valves can be 
moved by the application of a lever. The valves will be 
fitted with casings, which will prevent people being 
scalded by hot water from the cylinders. Suitable ful- 
crums will be on casings for the application of levers for 
working the valves — one lever to be furnished for each 
engine-room. All springs must pass a satisfactory test. 
The spring-casing of each valve will be fitted with a 
suitable lock; all locks to have interchangeable keys. 

17. CTLHIDEK DRAIK-C0CX8. 

Each cylinder will he fitted with a ij^-inch asbestos- 
packed drain-cock, placed so as to drain the cylinder 
thoroughly. The cocks must be perfectly tight without 
undue friction. The drain-cock of each cylinder of each 
engine will be worked by a single lever at the working- 
platform. All the drain-cocks of each engine will dis- 
charge into a pipe leading to the fresh-water side of the 
condenser, with a branch to the bilge. This pipe will 
have a stop-valve near the condenser, and will have a 
spring non-return valve, without hand-gear, which can 
open to the bilge-discharge when the drain to condenser 
is closed, but which will prevent air entering the con- 
denser at any time. Small drain-cocks will be fitted to 
the lowest parts of drain-pipes. 

18. EVGHfE THB0TTLE-TALVE8. 

Each engine will have a 15-inch throttle- valve, bolted 
to the high-pressure cylinder casing. Each throttle will 
consist of two gridiron slide-valves, one above the other. 
The slide nearest the seat will be worked by a steam- 
piston working in a cylinder, whose valve will be con- 
trolled by a floating-lever so fitted that the throttle- 
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valve will follow the movement of a hand-lever at the 
working-platform. This throttle will have a locking- 
gear worked from the platform, which will hold the 
valve wide open when desired. Steam for the control- 
ling cylinder will he taken from the auxiliary steam- 
pipe, with a stop-valve easily reached from the working- 
platform. 

The upper throttle-slide will be worked by a screw- 
stem, the gear operating the stem being worked by an 
i8-inch hand-wheel at the platform, where it will have 
an index divided as directed. 

The steam -actuated throttle is intended for use in 
quick working, and the hand-moved valve for fine adjust- 
ment. 

The spindles of both valves will be horizontal. The 
valves, stems, and casings will be of composition. 
The casing will be made in two parts, divided near the 
plane of the valve-face. 

19. STASTDrO-VALTES. 

There will be a starting-valve for each cylinder of the 
propelling-engines, on the outboard side above the work- 
ing-platform. These will be piston-valves — each com- 
plete in itself^with both steam and exhaust-ports. The 
valves, chests, and covers will be of composition. 
The valves must be securely fastened to their stems. 
The valve-chests will be bolted to the facings provided 
for them. Steam for the starting-valves will be taken 
from the main steam-pipes outside the throttle-valves 
by a pipe having a branch to each valve. There will 
be a stop-valve in this pipe, to be worked from the 
working-platform; also a stop-valve close to each valve- 
chest. Each starting- valve will connect with each end 
of its cylinder by a z-inch copper pipe. These valves 
will all exhaust into a 2-inch pipe leading to the con- 
denser, the branch from each valve having a stop-valve 
close to the valve-chest. Each steam-port •f each start- 
ing-valve will have an area of about 3 square inches. 
Each starting-valve will be worked by a lever at the 
working-platform; these levers to be placed in the same 
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order as their respective valves, and arranged to move 
in the same direction as the desired motion of the piston. 
The valves are to be in middle position when their levers 
are horizontal, 

80. PIBTON-ROD STUFPING-BOXES. 

They will be made of composition and fitted with ap- 
proved metallic packing, with efficient means of lubrica- 
tion. The packing of each stuffing-box will be made in 
at least two independent sections, so that in case of 
injury to one section the other will make a tight joint 
alone; this packing to be in all respects equal to the best 
in market and subject to the approval of the Bureau of 
Steam Engineering. 

81. VALT&STEH STVFFIBO-BOXEB. 

They will be made of composition and fitted with ap- 
proved metallic packing, with efficient means of lubrica- 
tion. The packing of each stuffing-box will be made in 
at least two independent sections, so that in case of 
injury to one section the other alone will make a tight 
joint; this packing to be in all respects equal to the best 
in market and subject to the approval of the Bureau of 
Steam Engineering. 

28. PISTONS. 

They will be made of cast-steel, and will be dished. 

The followers, made as shown in the drawings, will be 
of cast or forged-steel, with the bolting flanges i^ inches 
thick and the circumferential flange ij^ inches thick, 
secured in place by ijj!-ineh bolts spaced about lo inches 
between centers. 

The follower-bolts will be steel studs, screwed into 
the pistons; the bodies of the studs to be square, passing 
through square holes in the followers. The follower- 
bolt nuts will be of wrought-iron, finished and case- 
hardened, each nut to be secured in place by a brass 
split-pin of ample size. 

Each piston will have two packing- rings, each ij^ 
inches wide and ^ inch thick, of hard cast-iron, cut 
obliquely, and tongued. 
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The packing-rings will be set out by steel springs of 
approved pattern, all set to an equal and proper tension. 
There will be sufficient clearance between the piston and 
cylinder to allow for difference of expansion. 

Each packing-spring must be so secured in the piston 
as to be firmly held in place and easily inserted and 
removed. The springs must be of best spring-steel, 
properly tempered. 

Each piston must be carefully gauged, and care taken 
that the clearance between the piston and cylinder-head 
and cover is as called for on the drawings. 

When completed the pistons must be carefully weighed, 
and no excess of weight will be allowed over that due to 
the dimensions shown in the drawings. 

23. PISTON-BODS. 

The piston-rods will be of forged-steel, 8^ inches 
diameter. They will be turned to fit the pistons and 
cross-heads, with collars, as shown, and fitted each with 
a composition nut at piston end secured by a screwed 
Stop-pin and a steel nut with collar at cross-head end. 
The nut at cross-head end will be secured by a set-screw. 
The parallel parts will be .limoothly and accurately turned. 

Each piston-rod will have, at its seating in the piston, 
a collar qj.i inches diameter and i^ inches thick, well 
filleted, and recessed in the piston as shown. 

At the cross-head end each piston-rod will be turned 
down to a diameter of 7X inches to form a shoulder. 

From the shoulder to the end of the cross-head the rod 
will taper to 6|^ inches diameter. 

The piston-rod will be kept from turning in the piston 
and cross-head by stop-pins. 

24. CaOSS-HEAIHS. 

The cross-heads will be made of cast-steel; the pins 
will be 9>4 inches diameter and 9^ inches long, and will 
haveacentral hole tapering from 5 tojl^ inches diameter. 
Each cross-head will have a wearing slipper working on 
guides secured to the inverted Y-frame. The hole for 
the piston-rod will be accurately bored to fit the taper on 
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the piston-rod. The slipper will be made of cast-steel of 
T-section, the sliding surfaces being faced with white- 
metal fitted in dovetailed recesses, and hammered in 
place. The sliding surface for ahead guide will be 14 x 
z6 inches, and for backing it will be 18 x z6 inches. 

The slipper and cross-head will be bolted together as 
shown on the drawings, so that all wear may be taken up. 

80. COHHECTINO-BODa 

The connecting-rods, with their caps and bolts, will be 
of forged-steel, finished all over. 

They will be 84 inches long between centers, turned 8 
inches in diameter at small end and 12 inches at large 
end, the sides being faced off to a uniform thickness of 
8 inches. 

The cross-head end of each rod will be forked to span 
the cross-head. 

The crank-pin end of each connecting-rod will be 
increased in thickness to 15 inches, faced on each side, 
and bored for the brasses. 

Both ends will be provided with brasses and steel caps 
and bolts with recessed nuts, and set-screws for securing. 

The cap-bolts will pass partly through the brasses and 
at the crank-pin end will be fitted with set-screws for 
holding their weight when backing off the nuts. 

In each jaw and each cap of each connecting-rod, bolts 
will be fitted, passing through the metal of the rods and 
caps, and tapped into the corresponding lip of the crank- 
pin brasses to prevent closing-in when heated, each of 
these bolts being secured by a set-screw. 

Composition distance-pieces will be fitted between the 
connecting-rods and caps; they will be so fitted as to be 
removable without taking out the cap-bolts, and will be 
channeled so as to be easily reduced when taking up 
lost motion. 

The caps will each be fitted with two eye-bolts for 
handling. 

CSAHE-PI]? BRASSES. 

They will be accurately fitted to the connecting-rods, 
and secured as before specified. They will be fitted with 
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approved white-metal in strips, accurately fitted to the 
crank-pins, and properly fitted for distribution of oil. 
They will be faced with sufficient clearance between 
crank-webs to prevent nipping when heated. 

87. CROSa^HSAS BRASSES. 

They will be accurately fitted to the cross-head pins, 
and properly fitted for the distribution of oil. 

SB. EHGIHE-PRAXEa 

Each cylinder will be supported by one cast-steel in- 
verted Y-frame and two cast-steel cylindrical columns, 
as shown in the drawings. The upper ends of the frames 
and columns will be faced and secured to brackets on the 
cylinders by body-bound bolts. The lower ends of the 
frames and columns will be faced and secured to bed- 
plates by body-bound bolts. 

The upper portion of the inverted Y-frame on the inside 
will be faced to receive a cast-iron wearing-guide for 
the cross-head. Facings will also be provided for 
reversing-gear, as may be required. 

29. BED-PLATEB. 

They will consist each of steel castings of I-section; 
the upper and lower flanges will be connected to the web 
and stiffened by ribs, as shown. They will be properly 
finished and faced for crank-shaft brasses and caps, and 
for the flanges of the supporting-frames and columns. 
The bed-i>lates will be secured to the engine keelsons by 
i^-inch body-bound forged-steel bolts, setting up on 
raised facings on the lower flange, 

30. CRAHK-BHAFT BRASSES AND CAPS. 

The brasses for each bearing will be cylindrical, in 
two parts, lined with approved white-metal, fitted in 
dovetailed recesses and hammered in place, and will be 
fitted with ample oil-channels, faced at ends, and turned to 
fit cap and chock, as .shown, and accurately bored to fit the 

i'ournals of shaft. The caps will be of cast-steel, with 
ips to match the jaws. Each cap and upper brass will 
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have an oval hand-hole for the purpose of feeling the 
journal. This hand-hole will have a cover, with handle — 
the lower part of the cover being formed into a perfo- 
rated tallow-box, reaching to within a quarter of an inch 
of the journal. 

The caps will be secured by four through-bolts 3 inches 
in diameter; the part beyond the nuts will be fitted with 
a split-pin. 

The caps and brasses will be tapped and fitted with 
eye-bolts for handling. 

After the engines are secured in the vessel the brasses 
will be bored out in place to perfect alignment, if re- 
quired. They will also be tried on their shafts and any 
defects made good by scraping to a proper bearing. 

The brasses will be so fitted that the only bearing of 
the journals will be on the surface of the white-metal. 

Provision will be made for circulating water either 
around or through the bottom-brasses. 

31. CaOSS-HEAD ODIDES. 

The guide to take the thrust when going ahead will be 
of cast-iron. It will be bolted to the inverted Y-frame, 
and the frame and guide will be so constructed and 
joined that there will be a water-passage to keep the 
guide cool. Cast-iron lips will be bolted on each side of 
each go-ahead guide to take the thrust when backing. 

The guides will be smoothly and accurately finished, 
and will be fitted in place to proper alignment. Brass 
oil-boxes will be screwed to lower end of each guide. 

32. VALVE-OEAR. 

It will be of the Stephenson type, with double bar- 
links. All valves will be worked direct. There will be 
one cross-head for the intermediate-pressure valve-stems 
and one cross-head for each two low-pressure valve- 
stems of each engine. 

The valve-gear will be so adjusted that the mean 
cut-off in full gear for both ends of each cylinder will be 
at 0.7 stroke. 
13675— i 
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S3. ECCENIRICS. 

They will be of cast-steel, each in two parts. 

The two parts of each eccentric will be neatly fitted 
together and secured by two forged-steel bolts. They will 
be bored out to a snug fit on the seatings and turned ac- 
curately on the outside to an eccentricity of 4-fi inches for 
the high-pressure and 5-,*tr inches for the intermediate and 
low-pressure. The seatings for the high and interme- 
diate and forward low-pressure eccentrics will be on the 
crank-shafts. The se.itings for the after low-pressure ec- 
centrics will be on the section of the shaft next abaft the 
after section of the crank-shaft. They will be recessed 
at each side for the flanges of the eccentric-straps. Each 
backing eccentric will be securely keyed on the shaft, 
and each go-ahead eccentric will be secured to the cor- 
responding backing eccentric by through-bolts in slotted 
holes, the holes to be filled up after the eccentrics are set. 

The intermediate-pressure and low-pressure eccentrics 
will be interchangeable. 

34. ECCEFTRIC-STRAPS. 

They will be of composition, finished all over, made 
with flanges to fit the recesses of eccentrics and with lugs 
for the clamping-bolts and for the eccentric-rods. The 
two parts of each strap will be held together by two 
forged-steel bolts with finished heads, lock-nuts, and 
split-pins, and fitted with channeled brass distance-pieces. 
Each strap will be accurately and smoothly bored to fit 
the eccentrics both on face and recesses, and properly 
channeled for oil. The high-pressure and intermediate- 
pressure and low-pressure straps will be interchange- 
able. 

36. ECCEHTBIC-BOSS. 

They will be of forged-steel, finished all over. Each 
rod will have a T-head secured to its eccentric- strap by 
two forged-steel stud-bolts with nuts locked in place. 

The upper end of each rod will be forked to span the 
link, and fitted with brasses with adjustable wedge-blocks. 

The two brasses in the forks of each rod must be fitted 
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accurately in line with each other, and smoothly bored to 
fit the link-pins. The distance from centers of eccen- 
trics to centers of link-pins will be 7 feet 6 inches. 

The intermediate-pressure and low-pressure eccentric- 
rods will be interchangeable. 

36. XAIH UHKS. 

They will be of the doiible-bar pattern, of forged -steel, 
finished all over. They will all have the pins for eccen- 
tric-rods forged on and finished to 26 inches between 
centers. Extensions of the pins at one end of each link 
will form the pins for suspension-rods. The interme- 
diate-pressure and low-pressure links will be inter- 
changeable. Each pair of bars will be secured together 
by through-bolts of forged-steel, and thimbles fitted with 
forged-steel nuts well secured with split-pins. 

37. UNK-BLOCXS. 

They will he of forged-steel, finished all over. They 
will consist each of a link-block pin terminating at each 
end in a pair of jaws to .span the corresponding bar of 
the link. The jaws will be fitted with composition gibs 
finished to the curve of the links, the outer gibs being 
fitted with keys with screw adjustment. 

They will be interchangeable for the intermediate- 
pressure and low-pressure links. 

38. SUSPENSIOH-LINES. 

Each Stephenson link will be suspended from the cor- 
responding arm of the revcrsing-shaft by two flat-sided, 
forged-steel suspension-links. 

The ends of these links will be fitted with composition 
bushings, bored to fit suspension-pins on main links and 
pins on reversing-shaft arms. 

They will be interchangeable for the intermediate and 
low-pressure valve-gears. 

39. TAIVE-STEH CROSS-HEADS AND OUISEB. 

The intermediate-pres.sure and low-pressure valve- 
stems will have cast-steel cross-heads, the cross-heads 
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taking hold of the link-blocks directly. The ends of 
these valve-stems passing through the bosses in cross- 
heads will be threaded, and will be secured to cross-head 
by a collar-nut above and below boss, the holes in the 
bosses being elliptical. The collar-nuts will be kept 
from turning by set-screws. A key-way will be cut 
in both the valve-stem and its boss in the cross-head 
to receive ii key to keep the valve-stem from turning. 
The cross-head jruides will be cast-steel brackets bolted 
to the valve-chest covers. The high-pressure valve-stem 
will take hold of the link-block directly. The high- 
pressure stem will be guided by a bracket made in two 
parts, bolted to the valve-chest cover. 

4a EEVEBSINQ-OEAB. 

The revcrsing-gcar for each engine will consist of a 
steam cylinder and a hydraulic controlling cylinder 
placed vertically and acting directly on an arm fixed on 
the reversing-shaft. Each will be placed on the inboard 
side of its engine, between the intermediate-prcssiire and 
low-pressure cylinders. The steam piston-rod will be 
secured to a steel cross-head working in suitable guides, 
and connecting with the arm on the reversing-shaft. 
The piston-rod will pass through the controlling cylinder 
with uniform diameter. The controlling cylinder will 
be of composition. The valve of the steam cylinder will 
be of the piston pattern, of composition, working in a com- 
position-lined valve-chest. There will be a by-pass valve 
on the hydraulic cylinder, which will be worked by a con- 
tinuation of the stem of the steam piston-valve. These 
valves will be worked by a system of differential levers, 
the primary motion being derived from the hand-lever 
on the working-platform and the secondary motion from 
a pin on the reversing-arm, all parts being so adjusted 
that the rcversing-enginc shall follow the motion of the 
hand-lever and be firmly held when stopped. There will 
be a stop-cock in the by-pass pipe of the hydraulic 
cylinder, and a pump for reversing by hand will be con- 
nected to the hydraulic cylinder with its lever convenient 
to the working-platform. The by-pass pipes will be con- 
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nected to the valve-box of the hand-pump in such a way 
as to leave the hand arrangement always in gear. The 
piston of the hydraulic cylinder will be packed by two 
cup-leathers. Steam for the reversing-engine will be 
taken from the auxiliary steam-pipe. 

11. BEVEESINOhBEAFTS. 

There will he one forged-steel reversing-shaft for each 
engine. It will have four arms, one for the reversing- 
engine and one fur each link. The shaft will be sup- 
ported by suitable bearings. Each reversing-arm will be 
made with a slot, fitted with a cast-steel block, to 
which the suspension-rods will be attached. Each block 
will be adjustable in the slot of its arm by a screw and 
hand-wheel with approved locking device, and will be 
fitted with a suitable index. The slots in these arms 
will he so arranged that the links may always be thrown 
into full backward gear irrespective of the position of 
the block in the slot; and the length of the slots will be 
such that the cut-off may be varied from 0.5 to 0.7 of the 
stroke. All the arms will be neatly fitted and keyed to 
the shafts. 

12. EXHAUST-PIPES. 

Two 14-inch copper pipes will lead from the exhaust 
side of each high-pressure valve-chest to the valve-chests 
of the corresponding intermediate cylinder. 

A zj-inch copper pipe will lead from the exhaust side 
of the intermediate-pressure valve-chests, with two i3j4- 
inch branches, one leading to the top and the other to the 
bottom of the forward low-pressure valve-chests; from 
these branches the diameter of the pipe will be reduced 
to 19 inches, and will -extend to the after valve-chests of 
the low-pressure cylinder with two branches 1334 inches 
diameter, one leading to the top and the other to the 
bottom. 

The forward and after valve-chests of the low-pressure 
cylinder will each have a 22>^-inch copper pipe leading 
to the condenser. 
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43. BEVEBSDrO-SEAFT BEABIH08. 

They will be made of cast-steel, with bottom brasses 
and composition cups, and will be securely bolted to their 
supports. They will be bored to fit the journals of the 
shafts. 

The caps will be seciired with lock-nuts. 

44. WOBKINO-PLATFOEMS. 

The floors on the outboard side of each main engine, 
between the high and intermediate-pressure cylinders, 
will be conveniently arranged to serve as working-plat- 
forms. The counter, revolution-indicators, clock, gauges, 
telegraph -dials, and other engine-room fittings will be so 
placed near the working-platforms as to he in full view 
while working the engines. Speaking-tube mouth-pieces 
and telegraph -levers will be conveniently placed. 

4ft. W0BKINQ-LETEE8 AND OEAB. 

There will be at each working-platform the following 
hand-gear, viz: 

One revcrsing-lcver; 

Three starting- valve levers; 

Three cylinder drain-cock levers: 

Hand-reversing pump-lever; 

Throttle-valve hand-wheel; 

Bleeder-valve hand-wheel; 

Reversing -engine stop-valve hand-wheels for steam 
and exhaust; 

Starting stop-valve hand-wheel. 

All levers will have spring-latches of "locomotive pat- 
tern." The latches on reversing-levers will be of the 
best type and subject to the approval of the Bureau of 
Steam Engineering. 

46. SHAFTS. 

All the crank, line, thrust, and propeller-shafts will 
be of forged steel. Each length will be forged solid in 
one piece, and will have a hole drilled axially through it 
from end to end. 

All shafts will be finished all over. They will be sup- 
ported as shown. 
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inches long over all, with 7yi-in(;h axial holes. Each 
shaft will have 12 thrust-collars 2 inches wide, with 
spaces of jj^ inches, the collars to be ao Vj inches outside 
diameter. There will be coupling -discs forjjed on the 
forward and after ends jj^ inches thick and 2 feet 7 
inches diameter. 

The bolt-holes in the couplings will bo drilled or 
reamed to template, and will be spaced the same as those 
in the crank-shaft couplings. 

There will he an eccentric-seating 17 inches diameter 
and 9 inches lon^ at the forward end of each shaft for 
■ the after eccentrics of the low-pressure cylinder. 

49. FBOFSLLEB^HAFTS. 

The propeller-shafts will each be in two sections, the 
forward section 15^^ inches diameter and about 45 feet 9 
inches long over all; the after section will be 16 inches 
diameter and about 30 feet 6 inches long over aU. A 
7j4-inch axial-hole will be bored through each section, 
the hole being tapered where it passes through the pro- 
peller-hub. 

The forward section will be fitted with a composition 
casing, shrunk and pinned on, and perfectly water-tight; 
the joints will lap over each other i inch and be burned 
together. The forward and after ends of the casing will 
be tapered, and the shaft at the after end of the casing 
protected by a fillet of soft solder. 

The inboard ends of the forward section pf the propel- 
ler-shafts will be fitted with separate forged-steel coup- 
ling-discs, so that the shafts may be withdrawn from out- 
board. 

The after ends of the forward sections and the for- 
ward ends of the after sections will have solid forged 
coupling-discs 3J4 inches thick and 2 feet 7 inches in 
diameter. 

The holes in the flanges for the coupling-bolts will all 
be drilled to the same template. 

The after section of shafting will be cased with com- 
position where it passes through the outboard bearing, 
the casing being in one length, shrunk, and pinned on. 



25 

The shaft will be protected at the forward end of the 
casinjj by a fillet of soft solder, the after end of the cas- 
ings making a water-tight Joint with the propeller-hub. 

The shaft, couplings, and casings will be well coated 
with the same composition as the hull. 

The shafts must extend inboard a sufficient distance 
to allow the inboard stern-bearings to be withdrawn with- 
out removing the coupling-discs. 

50. LVBAICATION. 

All working parts of the machinery will be fitted with 
eiificient lubricators, each with a sufficient oil capacity for 
four hours' running. Each hibricator to be fitted with a 
tube leading to the wipers on the moving parts, or tubes 
in the bearings and guides. Each tube from the lubrica- 
tors will be fitted with a valve adjustment, and a sight- 
feed with a weil-protected glass tube. 

There will be in each engine-room a s-gallon oil-tank, 
well tinned on the inside, and fitted with a glass gauge, 
filling-pipe, and air-cock. Each tank will be connected 
to all the lubricators in its compartment by >^-inch brass 
or copper pipes, as may be directed, the tank to be placed 
in stich a position that oil will flow to each lubricator. 

Unions will be fitted where necessary, so that the oil- 
pipes may be quickly taken down and cleaned, and each 
pipe will be connected to the bearings by a union-joint. 
Each main crank-pin will be oiled by cups carried on the 
cross-head, taking oil from wicks overhead; the oil to be 
carried to the crank-pins by brass pipes secured to the 
connecting-rods. These pipes will have union -joints 
where connected to oil-cups. 

Each main cross-head journal will take oil from an over- 
head wick-cup. 

Each cross-head guide will be oiled by pipes leading 
to about the middle of each forward and each backing- 
guide. 

Pipes, fitted as above specified, will lead from the 
lubricators to the following parts of each engine: piston- 
rods, valve-stems, valve-links, and reversing-shaft bear- 
ings. 

13676-6 
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Each balance-piston and each piston-valve will have a 
globe oil-cup, placed sufficiently high to insure the oil 
running where desired without regard to the trim of the 
vessel. 

The upper end of each eccentric-rod will carry a wiper 
oil-cup on each fork, these cups to take oil from wicks in 
cups easily adjusted to the various positions of the gear. 
The link-block pins will be lubricated by wiper oil-cups, 
fed from fixed cups overhead. 

Each eccentric will have a long oil-cup fed by a drip- 
pipe, so arranged that the eccentric will be lubricated in 
all positions. 

There will be a small oil-tank, with glass gauge, placed 
in a convenient position, and connected by pipes with a 
closed oil-box at each crank-shaft bearing so that, when 
necessary, oil can be supplied to the journals under a 
head. From each of these boxes three tubes will lead to 
the bearing, each with valve adjustment, and with a 
sight-feed with a well-protected glass tube. 

The flexible couplings will be fitted with a centrifugal 
oiling apparatus, with a pipe leading to each bolt-head 
in the coupling-disc. 

There will be fitted to each main steam-pipe, cjose to the 
valve-chest, an approved steam sight-feed oil-cup of two 
quarts capacity, with gauge-glass. As far as possible all 
the oil for the moving parts of each engine, except main 
bearings, will be supplied from one oil-box on the 
cylinder, with separate valve, sight-feed, and pipe for 
each part to be oiled. There will be a steam sight-feed 
cup on each circulating, blowing, feed, air-pump, 
and bilge-pump engine. Each two-cylinder or three- 
cylinder engine on blowers will have a continuous 
automatic lubricator of approved pattern. All working 
parts for which oil-cups are not specified or shown in 
drawings will have oiling-gear of approved design, such 
that they can be oiled without slowing. All the oiling 
of each auxiliary engine will be done by one oil-box 
where practicable. All fixed oil-cups will have hinged 
covers, with stops to prevent being opened too far. 
Moving oil-cups, where necessary, will have removable 
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covers. The supply of oil to various parts is to be easily 

rej^ulated. All oil-cups and their fittinjjs, except such as 
are cast on bearings, will be of finished cast-brass, or of 
sheet-brass or copper, as may be directed, with all seams 
brazed. 

51. OIL-DRIPS. 

A!l fixed bearings will have drip-cups cast on where 
possible, otherwise they will be of cast-brass, properly 
applied. All moving parts will have drip-cups or pans 
cast on engine-frames where directed, otherwise to be 
substantially made of sheet-brass or copper, with brazed 
seams. All drip-cups will have drain-pipes and cocks of 
at least J4 inch diameter, which can be used while the 
engines are in operation. 

52. J0VBNAL-B0XE8. 

All journals or moving parts of iron or steel will run, 

unless otherwise specified, in composition boxes. These 
boxes will be lined with approved anti-friction metal 
where directed. All adjustable bearings will be provided 
with channel-brass chipping-pieces, securely held in place 
and easily removable. 

53. HANDBELS FOA WEITE-HETAL BEABDTQS. 

Hollow cast-iron mandrels will be furnished for 
forming the white-metal linings of crank-pin, crank-shaft, 
line-shaft, and thrust-bearings. All these will be smoothly 
and accurately turned to size, and packed so as to be per- 
fectly protected. 

54. 8TUTPIHG-B0XE8. 

All iron boxes will be bushed with composition. All 
glands will he of composition and fitted with approved 
means of adjustment while the engines are in operation, 
and those not fitted with pinion-nuts and spur-rings will 
have lock-nuts and split-pins. Metallic packing of ap- 
proved kind, and subject to the approval of the Bureau 
of Steam Engineering, will be fitted in stuffing-boxes of 
all piston-rods and valve-stems of main and auxiliary 



engines. For piston-rods and valve-stems over i ^{ inches 
in diameter the packing will be in at least two independ- 
ent sections; for piston-rods and valve-stems between J^ 
and I li inches diameter, it will be made in one section. 

fiS. BOLTS AND NUTS. 

All bolt-heads and nuts less than 2 inches, except in 
special cases, will conform to the United States Navy 
standard. Screw-threads on bolts and nuts must in all 
cases conform to the above standard. All finished bolts, 
except as directed, will be kept from turning by dowels 
or other suitable devices. 

The nuts of all bolts on moving parts and on pillow- 
blocks, and elsewhere as shown, will be locked, and the 
bolts will extend beyond the n«ts, without threads, and 
will be fitted with split-pins. 

66. THBUST-SEABINQS. 

Each thnist-bearing pedestal, of cast-iron, will be bored 
out to receive the lower part of bearing, and firmly bolted 
to the seating provided. The bearing will be in two 
parts, of cast-iron, with white-metal linings. The lower 
part will be turned to fit the pedestal. The upper part, 
or cap, will be separated from the bottom by composition 
distance-pieces, and will be fitted in place with wrought- 
iron dowet-pins, fitting snugly in holes in the lower part 
of bearing. The cap will be faced to fit longitudinal 
recesses in the upper flanges of pedestal, and will be 
held down by wrought-iron bolts, body-bound in pedes- 
tal, but with slotted holes in cap. Each cap will have a 
box cast on top, with a hinged cover. 

The end and side walls of the pedestal will form an 
oil-trough, from which thpre will lead an oil-hole to each 
collar and each recess, the white-metal being properly 
channeled for distribution of oil. Inside this trough, 
both forward and abaft the thrust-collars, will be a com- 
position bearing for taking the weight of the shaft. The 
cap for this bearing will be of cast-iron lined with white- 
metal. These bearings will be adjustable vertically by 
wedges with regulating-screws. 



At each end of eath thrust-bearing there will be a 
divided stuffing-box and gland to prevent escape of oil. 
At the bottom of each thrust-bearing there will be a 
fore-and-aft channel connecting all the bearing recesses — 
a drain-cock will be fitted at each end. 

The oil-trough will also be fitted with a cooling-coil. 

/ There will be four adjusting-screws, two at each end of 

the thrust -bearing pedestal, for adjusting the bearing 

fore and aft. The caps will be fitted with eye-bolts for 

convenience of handling. 

57. JACKS FOB COUPLING-BOLTS. 

A hydraulic jack of approved pattern will be fitted for 
withdrawing the bolts of the shaft-couplings. 

SB. STEBH-TUBE BEABIHOS. 

Each stcrn-tubc will be finished as follows: It will be 
made of mild steel with si.\ internal cast-steel rings of 
U-aection. there being two rings at each lignum -vitse 
bearing. Fitted to these rings at each end and in the 
center there will be a composition bushing, made in 
halves, the joints to be in a horizontal plane when bush- 
ing is in place. These bushings will be fitted with 
sections of lignum-vita;, put in so as to wear on end of 
grain, and smoothly and accurately bored in place to suit 
the shaft-casing. All the lignum-vita; bearings will be 
well watcr-soakcd, and bored out in place to perfect 
alignment and to a loose fit on the shaft-casing. 

59. STEBH TUBE STUPFIHG-BOXEB. 

At the forward end of each stern-tube there will be a 
composition stuffing-bo.t, made in halves, divided longi- 
tndinally. It will be bolted to the fiange on the forward 
end of the stern -tube bushing. The two parts will 
be bolted together along the longitudinal division by 
proper flanges. The follower will be of composition, in 
two parts, with a space of i'/^ inches between the parts 
on each side. The packing spaces will be about 7 inches 
deep and i inch wide. 

The follower-bolts will be of naval brass or Tobin 
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bronze. To each stuffing-box, abaft the packing, a 
ij^-inch pipe will be attached, leading to the engine- 
room bilge. It will also be connected with the engine- 
room water-service pipes, and will be provided with 
valves, so that the bearing can be drained into the bilge 
or washed out by water from the engine-room pump at 
will. 

60. 8TERN-BBACKET BEABINGS. 

Each stern-bracket bearing will have a neatly-fitting 
composition lining, made in halves, divided longitudi- 
nally. It will have a flange i^ inches thick, by which it 
will be secured to the forward end of the stern -bracket. 
It will have a lignum-vitfe bearing, fitted as in the stern- 
tiibc. The lignum-vita; will be held in place at the after 
end by a flat ring bolted to the lining. A cast-steel 
sleeve, Ji inch thick, will be secured to each stern-bracket 
by six i^-inch screws, to form a fair water-line to the 
propeller-boss. At the forward end of each bearing there 
will be a composition sleeve, yi inch thick, secured to and 
supported by an extension of the lining before mentioned. 
This sleeve will be shaped to form a fair water-line from 
the shaft to the stern-bracket boss, and will be finished 
on the outside. 

61. SCREW-FB0FELLEB8, 

They will be of manganese-bronze or approved equiva- 
lent metal. The starboard propeller will be right and the 
port one left-handed. Each blade will be firmly bolted 
to the boss by tap-bolts of naval brass or Tobin bronze, 
secured by lock-plates. The recesses for the bolt-heads 
will be covered by composition plates held by counter- 
sunk screws, and finished to form a smooth surface 
fair with the boss. The bolt-holes in the flanges of the 
propeller-blades will be made oval to allow of adjustment 
of the pitch. 

Each boss will be accurately bored to fit the taper on 
after end of shaft and fitted with two feather-keys. Each 
propeller will be held on the shaft by a nut screwed on 
and locked in place. The shaft-casing will enter about 
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The condenser tube-sheets will be made of composi- 
tion I inch thick, with smoothly- finished holes for the 
tubes, tapped and fitted with screw-glands for packing 
the tubes. The glands will be beaded at outer ends to 
prevent tubes from crawling, and will be slotted to admit 
a tool for screwing up. Cotton-tape packing will be 
used. There will be 4,904 seamless-drawn brass tubes in 
each condenser, ^s inch outside diameter, No. 20 B, W. 
G. in thickness. The tubes will be 11 feet 10 inches 
long between tube-sheets, and will be spaced ]^ inch be- 
tween centers. The cooling surface of each condenser 
will be about 9,495 square feet, measured on the outside 
of the tubes. 

The sections of each condenser will be riveted together, 
as shown. All riveted seams will be tinned and soldered. 
The tube-sheets will be secured to the flanges of the 
shell by naval-brass or Tobin bronze collar-bolts, which 
win also be used for fastening the circulating-water 
chests. 

The chest for entrance and exit of circulating water 
will be cast of composition 'j inch thick, with a division- 
plate in the middle and with a man-hole in each quad- 
rant. There will be two inlet-nozzles, each 12 inches 
diameter, and one outlet-nozzle iS,''i inches in diameter 
of opening. 

The watcr-chcst at the other end of the condenser will 
be cast of composition '.■; inch thick, as shown, with four 
15-inch man-holes. There will be three stay-bolts in 
each head to connect the water-chests to the tube-sheets. 

There will be six braces of rolled naval brass or Tobin 
bronze connecting the tul>e-sheets, each ,^4 inch in diam- 
eter, and each passing through a stay-tube about i>z 
inches external diarnctcr and ^i inch in thickness. 

Baffle-plates of brass will be fitted, as shown, to direct 
the steam over all the tubes. Plates will be provided 
for supporting the tubes and to act also as baffle-plates. 

In front of the main exhaust-nozzle, above the tubes, 
will be a deflecting-plate, supported as shown. 

A copper tank, pipe, and cock will be provided for 
admitting an alkaline solution into the condenser — this 
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pipe to connect with the salt-feed sprays; the tank to be 
of at least lo gallons capacity and conveniently placed, 
A ijs-inch branch from the auxiliary steam-pipe will 
lead to the bottom of the condenser for cleaning the 
tubes by boiling. 

Draiii-cocks wilt be provided, with pipes leading to the 
bilge. 

Each main condenser will be connected with the evapo- 
rators by a pipe and valve of approved size. 

All parts of the condensers, except as otherwise speci- 
fied, will be made of composition. All bolts will be made 
of naval brass or Tobin bronze. All bolts for securing 
flanges of pipes and man-hole plates will be standing- 
bolts, and will, wherever possible, be screwed into the 
condenser-plates, with heads inside. The condensers 
must be perfectly tight all over, and be so proved after 
being secured in place. 
. AUXILIABT COHDENSEB. 

Each engine-room will have an auxiliary condenser of 
sufficient capacity for one-half the auxiliary machinery, 
each condenser being connected with all the auxiliary 
machinery. Each auxiliary condenser will be connected 
with the evaporators by a pipe and valve of approved size. 
The shell of the condenser will be made of sheet-brass 
or of composition, the heads and tube-plates of composi- 
tion. The diameter and spacing of the tubes and the 
packing will be the same as used in the main condenser. 
It will have faced flanges for inlet and outlet of the con- 
densing waler, hand-hole plates, soda-cocks, drain-cocks, 
auxiliary exhaust-pipe, and pipe from evaporator. 

. AUXILIARY AI£ AND CIRCULATIHChPUMPS. 

There will be a combined air and circulating-pump of 
approved size and type for each condenser. The pump- 
cylinders, pistons, and rods will be of composition or 
bronze: all other working parts will be of wrought-iron 
or steel. 
. AIR-PVHPS. 

There will be two single-acting, vertical air-pumps, 
13675—6 
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driven by a two-cylinder, vertical, invertetl simple 
cnjfinc for each propellinji-enjjine. 

Each steam-cylinder will be carried by two cast-steel 
frames supported upon brackets on the air-pump cylin- 
ders. Each of these frames will consist of two upriyhts 
of T-section, with bolting flanges at top and bottom, 
connected by webs of similar section. The crank-shaft 
bearinjrs will be supported by two of the connecting 

There will be one engine-cylinder over each pump-cyl- 
inder. Each pump piston-rod will be secured to the 
cross-head by a T-head and two forged-steel bolts. 

There will be one balance-wheel, placed between the 
two engines; it will be made in h.ilves, and will be 
securely bolted together by forged-steel bolts. 

The crank-shaft will have two bearings. The angle 
between the cranks will be 150°. All parts of the pumps, 
except where otherwise specified, will be made of com- 
position. Each air-pump will have a piston working in a 
cylinder of 22 inches bore. The pump-cylinders will 
be east separate and bolted to a casing serving as founda- 
tion, and containing the foot-valves. The deli verj'- valve 
chambers are cast in one with the pump-cylinders. The 
stroke will be 20 inches. The pump-pistons will be cast 
flanged, the flange being grooved for water-packing, as 
shown. The pump piston-rods will be made of rolled 
phosphor-bronze or approved equivalent metal. There 
will be eight foot-vaives, six valves in each piston, and six 
deli very- valves for each pump, ail sH inches in diameter 
of opening in the valve-seats, and made of approved metal. 
Each valve will be held in place by a guard and a spiral 
spring of phosphor-bronze or approved equivalent metal. 
The valves and guards must be easily removable and held 
firmly in place. The valve-seatings will be made sepa- 
rately from the pump-casings, and will be bolted in place. 

The foot-valve seats will be placed in inclined positions 
at the bottoms of the pumps, and the delivery -valves 
horizontal at the highest parts of the pump -chambers. 
There must be no pockets in the pump-chambers under- 
neath the deli very- valves, where vapor can lodge. The 
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gratin'^s of the valve-seats must he so arranged that the 
clear openinjj of each valve shall he at least 19 square 
inches. The honnets will i)e well ribhed and provided 
with jack-bolts and eye-bolts. Each air-pump will have 
two siR'tiim-nozKles 11 inches in diameter. Copper pipes 
will lead from the bottom of the condenser, there being 
one for each pump-cylinder. Each pipe will have a 
straightway- valve. A [i,'';-ineh diseharye-pipe will lead 
from the deliverv-valve chamber to the feed-tank. 

The engine-cylinders will he 8 inches in diameter. 
The cylinders, with their valve-chests, valvc-chcst covers, 
and slide-valves, will be made of cast-iron. 

The pump-covers will be dished, made in halves, well 
ribbed, and bolted together hy eight forged-steel boUs. 

The pistons and cylinder-covers will be made of cast- 
iron. 

The crank-shafts, piston-rods, valve-rods, and con- 
necting-rods will be made of forged-steel. The pistons 
will be fitted with east-iron packing-rings. The cross- 
heads will be of forged-steel, lilted with composi- 
tion gibs, and will work between guides east on the 
framing. The framing of the two engines will be tied 
together by two forged-steel cross-ties, and the framing 
of each engine will be tied together in the same manner. 

The crank-shafts will be 4^ inches diameter, with 
bearings 8 inches long at ends. Kach crank-pin will be 
4'i> inches diameter and 4(8 inches long, and recessed at 
each end, as shown on the drawings. Each cylinder will 
have a slide-valve, worked through gear as shown. 

Each engine wiU take steam from a branch of the main 
steam-pipe, with a stop-valve having a hand-wheel at the 
working-platform, and will exhaust by a special pipe into 
the condenser, and there will also be pipes and valves 
through which it can exhaust into the intermediate and 
low-pressure receivers. 

Each air-pump, together with its condenser, must main- 
tain a vacuum of within four inches of mercury of the 
atmospheric barometer with the propelJing-engines at 
full power under forced draught. 
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. 8£A-nrJ£CTI0H VALVES. 

There will be two straightway screw main injection- 
valves of not less than 12 inches diameter in each engine 
compartment. Each will connect with the sea by a con- 
ical steel tube through the double-bottom. 

There will be a strainer on each pipe at the ship's side. 
The hand-wheels of these valves must be easily accessible 
above the cnjfine-room lioor-plates. 

There will be a i "j-inch steam-pipe leading from the 
auxiliary steam-pipe to the injection-pipe outside of in- 
jection-valve. This pipe to have a valve at each end. 

. BHQE-INJECTIOK VALVES. 

They will be as specified under the head of "Biige- 
Siiction Pipes." 

. 0UTB0ARD-DELIVEB7 VALVES. 

There will be in each engine compartment a main out- 
board-delivery valve iS'i inches diameter of the same 
type as main injection-valves. 

The valve in such compartment will connect with a 
steel pipe about Sa inch thick passingthroughthedouble- 
bottom. The hand-wheels will be accessible from the 
engine- room. 

. FEES-TANKS. 

There will be a feed-tank near each condenser, placed 
as shown in the drawing. Each tank will have a capacity 
of about 1,500 gallons. Itwillbemadeof ^-inch wrought- 
iron. It will be stayed internally as may be directed. 
Each tank will have at least aoo cubic inches of rolled- 
zinc plates, about Jj inch thick, suspended from the 
braces. The straps suspending the zinc plates and the 
braces where the straps come in contact will be filed 
bright before being secured in position. The parts to 
be then well painted on the outside, or the joints to be 
made water-tight in other approved manner. A portion 
of the tank wiU he fitted as a filter, in an approved man- 
ner, into which the water from the air-pump will be 
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delivered. The filter will be provided with sponges, or 
other approved material, and so arranged that it will 
he readily accessible. Each tank will have a man-hole 
with bolted cover, and will have a glass water-gauge 
with suitable guards, shut-off eocks, and drain-coeks. 

Each tank and titter will have the following pipe-con- 
nections: A discharge-pipe from each air-pump; an over- 
flow-pipe leading to bilge, but so arranged that any water 
passing down it may be seen: a suction-pipe to feed- 
pumps, witli valve; drain-pipes from traps, as elsewhere 
specified: a vapor-pipe, ,i inches diameter, of copper. No. 
i6 B. W. (1. The vapor-pipe will lead up the engine- 
room Jiatcii and discharge above the level of the awnings, 
where it will have a suitable hood, or it may be led into 
the main escape-pipe. Each feed-pump suction will be 
provitlcd with a balanced valve operated bv a copper 
lloiit in the fecd-lank. so arranged that it wi'U allow no 
air to enter the feed-pipes. All trap-discharges and 
drains will enter the feed-tanks well below the ordinary 
water-level, 

2. FEED-TANK SUCTION-FIPEB. 

A pipe will connect the two feed-tanks. From each 
tank there will be a .suction-pipe for the main feed- 
pumps on the same side of the vessel, and a suction-pipe 
for the auxiliary fccd-|nnnps in the fire-rooms on the 
same side of the vcs.set, and a suction-pipe for the auxil- 
iary feed-pump in the same engine-room. 

\on-return valves will be fitted in the feed-pump 
suctions close to the pumps. The suction-pipes for the 
main feed-pumps will be connected by pipes and valves 
.so that the pumps can take water from either tank. 
The suction-pii>es for the auxiliary pumps will be con- 
nected in the same manner. 

3. SnCTION-FIPEB FROM BOTTOHS OF CONDENSERS. 

From each air-pump channel-way below the foot -valves 
a 2-inch pipe will lead to the feed-pump suction-pipes, 
with a screw-down non-return valve. 



SEA-sncnoN fifes. 

A pipe will lead from the sea-suction valve in each 
engine-room to the fire and bilge-pump, the auxiliary 
pump, and the auxiliary feed-pump in its compartment, 
A pipe will lead from a special sea-valve, fitted where 
directed, to the distiller circulating-pump. Each of these 
pipes will be of at least the same bore as the nozzle on 
the pump with which it connects. Each sea-suction will 
be controlled by a valve which will not permit sea-water 
to enter any of the bilge suction-pipes or foed-tank suc- 
tion-pipes. 

BuaE-sncnON fifes. 

There will be the following suction-pipes from the bilge 
and from the drainage-pipes to the various pumps; 

A ii-inch copper pipe will connect to each circulating- 
pump, with a stop-valve close to the pump, as before 
specified. This pipe will have two branches of such size 
as may be designated; of these one will connect with the 
main drainage-cistern, with a screw-down non-return 
valve which can be lifted from its seat by means of its 
stem; the other branch will connect directly with the 
bilge in its own cinnpartment, and be fitted, with a non- 
return valve which can be lifted from its seat by means 
of a sJiding-stem. but without means of fastening it shut 
except bv lashing the lever bv which its stem is worked. 
This branch will be fitted with a ilacomb or equivalent 
bilge-strainer of approved size. 

There will be provided in each engine-room a manifold 
or suction-box, with the following connections, viz; 

A 3-inch pipe leading from the lowest part of the com- 
partment abaft the engine-room; 

A pipe of the size of the combined areas of the suction- 
nozi^lcs of the fire and bilge-pump and 500-gallon aux- 
iliary pump, from the secondary drain-pipe; 

A pipe of the same size from the main drainage-cistern; 

A pipe to the fire and bilge-pump in its own engine- 
room of the same size as the pump suction-nozzle; 

A pipe to the soo-gallon auxiliary pump in its own 
engine-room of the same size as the pump suction-nozzle. 
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All these pipes will be provided with strew-down non- 
return valves. 

Macomb or equivalent bilge-strainers will be inserted 
in the suction-pipes between the box and pumps. 

There will be no other strainer or valves in any of these 
pipes other than those herein specified. 

Each au.xiliary feed-pump in the fire-rooms will have 
a suction-pipe of the full size of its suetion-nonzlc con- 
nected with the secondary drain-pipe. In addition to 
these the forward auxiliary feed-pumps will have a 3-inch 
sucticm from the lowest part of the bilge of the first com- 
partment forward of the double-bottom. The suctions 
to each pump will lead to a valve-box and strainer, fitted 
as before specified for the suctions to the fire and bilge- 
pumps. The lower ends of all biljje-suction pipes will be 
of galvanized-iron. Care will be taken that all the copper 
bilge-pipes are led sufficiently high to keep them out 
of the bilge-water under ordinary circumstances. 

76. FntE AHD BUOE-PTTHPS. 

There will be in each engine-room a pump of approved 
design, which will be used as a fire and bilge-pump. It 
will have a capacity of 500 gallons per minute, with steam 
cylinder of suitable size to work as -a fire-pump with steam 
of 60 pounds pressure. Each of these pumps will have 
suctions from the sea, the bilge of the compartment next 
abaft the engine-room, the secondarj' drain-pipe, and the 
drainage-cistern, and will deliver into the fire-main and 
overboard. 

77. EHOHrX-ROOH ADZILIART PUMPS. 

There will be in each engine-room the following aux- 
iliary pumps, of approved pattern, with cylinders of 
proper proportion, to be used as fire-pumps with steam 
of 60 pounds pressure: 

One of 500 gallons capacity per minute, with a suction 
from the sea. the bilge of the compartment next abaft 
the engine-room, the secondary drain-pipe, the drainage 
cistern and feed-tank, and to deliver into the main and 
auxiliary fore-and-aft feed-pipes, overboard, and the fire- 



41 

main. There will be a straight way- screw check-valve 
in the discharge-pipe where tt connects with the main 
and auxiliary fore-and-aft feed-pipes. 

One of 150 gallons capacity per minute, with a suction 
from the Kea only, and to deliver into the fire-main and 
water-service pipes. 

. EVOtHE-ROOH WATER SERVICE. 

There will be in each engine-room a 3-inch pipe con- 
nected with a sea-valve and with a special delivery from 
the auxiliary pump, with branches leading to the differ- 
ent parts of the engine, as follows: 

A ij^-inch branch connected by a union-joint with a 
pipe screwed into the cap of each crank-shaft bearing, 
and leading through brasses to top of journal; 

Two ij:i-inch pipes to each crank-pin; 

Two I -inch pipes to each cross-head; 

One i-inch pipe to each go-ahead cross-head guide; 

One 1-inch pipe to each pair of eccentrics; 

One ij'i-inch pipe to each thrust-bearing; 

One i-inch pipe to each line-shaft bearing; 

One j4-inch pipe to each hollow brass or its equivalent 
in crank-shaft bearings; 

Two I-inch pipes to each air-pump engine and to each 
circulating-pump engine. 

All of tne above to have detachable sprays or short 
lengths of hose, as directed, and where directed to have 
pivoted nozzles. 

Each branch will have a separate valve. 

All the water-service pipes and fittings will be of brass; 
those above the floors will be polished. The pipes in the 
two engine-rooms will be connected with each other by 
a 3-inch pipe and valve. 

L TURKIKO-ENOnrES AND QEAB. 

There will be in each engine-room a double engine of 
suitable size for turning the main engines with steam 
of 60 pounds pressure. This engine will drive by worm- 
gearing a second worm, which may be made at will to 
mesh with a worm-wheel on the propelling- shaft. The 
worm-wheel of each engine will be fitted where directed. 
13675—7 
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The turning-engine shaft will be squared at the end 
and fitted with a ratchet -wrench, of approved design, for 
turning by hand. 

Each turning-engine will have piston-valves, and will 
be made reversible by means of a change-valve moved 
by a screw and hand-wheel. 

The turning-wheels will be of cast-steel with cut teeth. 

80. BXCURINO EHOIKES IS VESSEL. 

The engines will be adjusted and aligned upon the 
engine keelsons, and when accurately in line snugly- 
fitting wrought-iron washers will be fitted around all 
holding-down bolts. The holding-down bolts will be 
firmly set up and holts and nuts locked in place. 

When finally secured all shafting must be accurately 
in line with the vessel at load-draught and ordinary 
stowage. 

All parts of machinery and boilers will be secured in 
an approved manner to prevent displacement when the 
vessel is used for ramming. 

81. STEAM AND VACnUH-OAUOES. 

There will be the following gauges, in polished brass 
cases, suitably engraved to show to what they are con- 
nected — all to be of approved pattern and equal to " Lane's 
improved," with seamless tubes; 

One on each single-ended boiler; 

Two on each double-ended boiler, one at each end; 

One connected to each main steam-pipe; 

One connected to each intermediate valve-chest; 

One connected to each low-pressure valve-chest; 

One connected to each condenser. 

All the above will have SJ-a-inch dials — those in engine- 
room to be at the working-platform. 

Also the following with 4;2-inch dials: 

One connected to each intermediate-pressure cylinder- 
jacket; 

One connected to each low-pressure cylinder-jacket; 

One on each auxiliary steam-pipe in each engine-room 
and each fire-room; 
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OiiB on cacli circuit of radiator-pipes near the reducing- 
valve. 

The gaujies on valve-chcsts and steam-jackets will be 
plainly marked with the limit of pressure permissible 
The jjau^es on intermediate and low-pressure valve- 
chests will indicate botli pressure and vacuum. 

A mercurial vacuum -gauge will be connected to each 
condenser. 

In addition to the above there will be a 4;^-inch steam- 
gauge at each hydraulic pumping-engine, one on each 
hydraulic main, and such as are elsewhere specified. 

82. THEBHOHETERS. 

There will be the following thermometers — all to be 
permanent fixtures, with their stems and bulbs protected 
by brass covers; the casings and fittings to be of polished 
brass: 

One on each hot-well; 

One on each feed-tank; 

One on each main feed-pipe in fire-rooms; 

One on each main injeetion-pipe; 

One on each main outboard-delivery pipe; 

One on each main steam-pipe close to engine. 

The hot-well antl feed thermometers will be so fitted 
as to waste no feed-water. 

There will also be furnished; 

Four spare water-thermometers complete; 

Six s))are steam-thermometers complete; 

Two standardi/.ed thermometers, graduated on stem 
and reading to -['„■ degree Fahrenheit; stems to be at 
least 20 inches long; each thermometer to be in a rub- 
ber-lined brass case, and each case to be suspended by 
springs in a suitable permanent locked case in engine- 
room. These thermometers must be eqtial to the best in 
the market, subject to the approval of the Bureau of 
Steam Engineering, and be accompanied by certificates 
of standardization. 

83. REVOLUTIOH-COUKTEES. 

They will be of the continuous rotary type, to register 
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from 1 to 1,000,000, each worked by positive motion; each 
to be in a polished brass case. There will be fitted; 

One for each main engine; 

One for each air-pump; 

One for each circiilatinjj-pump. 

84. BEVOLTmON-IKDICATORS. 

They will bu of such approved pattern as shall not be 
affected to a perceptible dciirce by the motion of the ship 
or by changes of temperature. They must be worked 
off the cnji^ines by positive motions, and must be so fitted 
that changes of engine speed shall not produce violent 
fluctuations of the indices. There will be two in each 
engiue-ri)"m — one to show the speed of eaeli propeller. 

Tell-tales will be fitted on the bridge and in the con- 
ning-tower, to show the direction of the revolution of the 
main engines. 

86. ENOINE ROOM TELEOSAPHS. 

A repcating-tclegraph of approved pattern will be fitted 
in each engine-room with its dial at the working-plat- 
form, and connected to transmitters in conning-tower, in 
wheel-house, and on bridge. The connections are to be 
made in such manner that the chance of derangement 
shall be minimized. 

86. SPEAKING TUBES. 

They will be made of copper not less than No. zo B. 
W. G, They will connect each engine-room with each 
fire-room; the engine-rooms with each other; the fire- 
rooms with each other; each engine-room to the pilot- 
house, conning-tower, bridge, and to the chief engineer's 
room; each fire-room with the upper deck close to the 
top of the ash-hoist, and el.sewhere as required. Each 
tube will befitted at each end with a mouth-piece and 
approved annunciator; the mouth-pieces to be connected 
to short flexible pipes where required. All mouth-pieces 
or pipes will be plainly marked. The tubes will be suit- 
ably cased where necessary. 
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87. EHQINE-IHDICATOBS. 

All indicatt^r connection will be made to each end of 
cacli cylinder nf main engines, and to each end of each 
steam and valcr-cjiindcr of each air-pump as near as 
possible to tlio bore of the cylinder, and so as to be easily 
acccssilile. Kach indicator on cylinders of main engines, 
when in place, will be connected to but one end of a cyl- 
inder. The connectiiiff pipes will be i -Inch iiore, with easy 
bends. The indicator-motion of each engine and air- 
pump will be so fitted that both indicators on its cylinder 
can he connected at the same time. The motions of the 
indicator-barrels must be accurately coincident with the 
motiim of the corresponding pistons, and such as to };ive 
a motion of not less than 4 inches. The steam-cylinders 
of all atixiiiary engines will have holes tapped for indi- 
calor-tittings.and then plugged. These engines will have 
portable indicator-motions fitted, then removed and suit- 
■ ably marked and stowed. Where auxiliary engines are 
duplicated but one set of indicator-motion fittings need 
be supplied for all of each kind. 

Eight indicators will be ftirnished for each engine- 
room : two fur the high-pressure cylinder, with four 
springs of such scales as may be directed; two for the 
intermediate-pressure cylinder, with four springs of such 
scales as may be directed; two for the low-pressure cyl- 
inder, with four springs of such scales as may be directed; 
and two indicators for au.\iHary engines, each with four 
springs of such scales as be directed. 

The indicators will be the best in the market, subject 
to the approval of the Hureau of Steam Kngineering, 
with detent-motion and with adjustable tension to 
to the barrel-spring. They will be nickel-plated, and will 
be complete with all attachments. One extra cock- 
attachment will be furnished with each indicator. Each 
indicator will be in a separate locked case; each case to 
be suitably marked on a brass plate, and each case to be 
conveniently stowed. 

68. EHGINE-ROCH DESKS. 

A black-walnut desk of approved pattern, with locked 
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drawers, and with a locked cabinet of pigeon-holes, will 
be fitted in each engine-room where directed. 

89. CLOCKS. 

There will be in each engine-room, close to the counter, 
in a polished brass case, an eight-day clock of approved 
pattern and movement, with 8|:;-inch dial and a second- 
hand. 

There will be in each fire-room a similar clock, with an 
imler dust-tight case with heavy plate-glass. 

90. BOILERS. 

There will be four double-ended and two single-ended 
steel boilers of the horizontal rcuirn-fire tube type, about 
15 feet 3 inches outside diameter and about 2 1 feet 3 inches 
and 10 feet ii/i inches long. They will have for the 
double and single-ended boilers, about 28,298.64 square 
feet of heating surface, and about S24 square feet 
of grate surface. Each double -ended boiler will have 
eight corrugated furnace-flues 3 feet 3 inches internal 
diameter, and each single-ended boiler will have four cor- 
rugated furnace-flues 3 feet 3 inches internal diameter. 

91. BOILER MATERIAL. 

All plates used in the construction of the boilers will 
be o]>cn-hearth steel. The rivets will be of open-hearth 
or Clapp-Griftith's steel. AH material will be tested, as 
elsewhere specified. 

9S. BOILER SHELLS. 

Thev will be made of iJJ-inch plates — the shell of 
each double-ended boiler to be made in three courses, 
each single-ended boiler in two courses, and each course 
oft*^A«.plates. 

8S. BOILER-HEADS. 

Both heads of the double-ended boilers and the front 
head of the single-ended boilers will be made of three 
plates. The upper plate will be ijj inches thick, the 
middle plate J4i inch thick, and the bottom plate }^ inch 
thick. 
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The back heads of the single-ended boilers will be 
made of three plates. The npper plate will be ijf inches 
thick, and the middle and lower plates J^ inch thick. 

The upper plate of each head will be curved back to a 
radius of about 3 feet 10 inches. 

The heads will be flanged outwardly at the furnaces 
and inwardly at the circumference. The heads will be 
stiffened by T-bars, as shown on the drawinj^s. 

M. BOtLES-TDBE SHEETS. 

They will be }i inch thick at the front and ^ inch 
thick at the baek. Ea^'h pair of tube-sheets must be ac- 
curately parallel. All tube-holes will be slightly rounded 
at the edges. The holes for stay-tubes will be tapped in 
place. The holes at combustion-chamber end will be 
drilled to suit the protection of tubes, as specified below. 

96. BOILEB-TDBES. 

They will be of steel, lap-welded and drawn, the best 
that can be obtained in the market, and subject to the 
approval of the Bureau of Steam Engineering. All tubes 
will be z/^ inches external diameter. The ordinary tubes 
will be Xo. 12 B. W, G. in thickness, and will be swelled 
to z/,, inches external diameter at the front ends. The 
back ends will be expanded in the tube-sheet, beaded 
over into a counter-bore, which will be iilled with a ring, 
or they will be protected from the action of the flame in 
other approved manner. The method of protection must 
be such as will not interfere with the use of ferrules, will 
not cause injury to the tube-sheet when tubes are cut 
out, and will not reduce the area through the tubes. 

The stay-tubes will be No. 6 B. W. G. in thickness. 
They will be reinforced at both ends to an external diam- 
eter of i-'B inches, leaving the bore of the tube uniform 
from end to end. They will then be swelled at the front 
ends to iH inches external diameter. They will be 
threaded parallel at combustion-chamber ends, and taper 
at front ends to fit threads in tube-sheets. They will 
be screwed into the tiibe-sheets to a tight joint at the 
front ends, and will be made tight at the back ends by 



expanding and beading. All expanding will be done by 
approved tools. Cast-iron ferrules of i j§ inches internal 
diameter will be used to protect the ends of stay-tubes 
in combustion-chambers. All tubes will be spaced 3^ 
inches from center to center vertically, and 3% inches 
horizontally. 

16. COMBUSTIOK-CHAIIBEES. 

There will be four combustion-chambers in each double- 
ended boiler, and two in each single-ended boiler, one 
for each two furnaces. They will be made of ^'j-inch 
plates, except the tube-sheets, which will be as before 
specified. The tops of the combustion-chambers will be 
braced by girders, as shown. The plates will be flanged 
where necessary, and all parts joined by single-riveting. 
The holes for screw stay-bolts in plates of combustion- 
chambers and shells will be drilled and tapped together 
in place. 

)7. BOILEE BBACINO. 

The bracing will be as shown in drawings. The wash- 
ers used under nuts on the braces will be riveted to the 
heads. 

The combustion-chamlK.'rs will be stayed to each other 
and to the shell of the boiler by screw-stays, screwed into 
both sheets and fitted with nuts — the nuts to be set up on 
beveled washers where stays do not come square with the 
plates. The holes for screw-stays will be tapped in both 
sheets in place. 

The bottoms of the combustion-chambers will be stiff- 
ened by angles. 

All screw-stays and all screwed braces will have raised 
threads. 

All braces will be made without welds. 

In boiler-braces fitted with eyes care must be taken 
that the sectional area through the neck or eye is not 
less than that of the cylindrical portion. 

». RIVETED JOINTS. 

The logitudinal joints of boiler-shells will be butted, 
with i-inch straps inside and outside, and treble-riveted, 



as shown on the drawings. Joints of heads with shells 
will be donble-ri voted;. ill other fircnmferential joints will 
be lapped and treble-riveted. Joints in fw maces aiulcom- 
bustioii-chambers will be sinjjle-riveted. Rivets will be of 
Clapp-Griffiths steel. Kdj,'es of all plates in cylindrical 
shells, and of all Hat plates where not flanged, will be 
planed. Edges of flanges will be faired by chipping nr 
otherwise, as may be approved. I'hites in cylindrical 
.shells must not be sheared nearer the (inished edge than 
one-half the thickness of the plate along the circumfer- 
ential seams, and not nearer than one thickness along 
the longitudinal seams. Xo plate must average less than 
the sjjecified thickness along the longitudinal seams. All 
rivet-holes in shell-plates will he drilled in place after 
bending. Hydraulic riveting will be used wherever jtos- 
sible. In parts where hydraulic riveting cannot J>e used, 
the rivet-holes will be cmed and conical rivets ii.sed. 
Seams will be calked on both sides in an approved man- 
ner. All joints will be as shown mi drawings. 

. BOILER MAN-HOLES AHB HAND-HOLES. 

There will be man-holes in each boiler, placed, and of 
such si/,e, as shown in drawing. 

Man-holes without stiffeniiig-rings will have cast-stee! 
or wrought - inm yokes, which will take the place 
of dogs and will have a bearing on the plate all around 
the man-hole and be secured by two studs i,'^ inches in 
diameter, fitted with square ntits. The ii])per one will 
have a raised cast-steel frame Hanged and riveted to the 
inside of the shell of the boiler, as shown. 

The man-hole covers will be of mild steel and stamped 
in dished form. ]-:ach plate fiT holes filled with stitTen- 
ing-rings will be secured by two wrought-iron dogs anil 
two i)^-inch studs with s(|nare nuts. Baeh plate will 
have a convenient handle. 

Alt plates, yr.kes. dogs, and nuts will be indelibly 
marked to show to what holes they belong. 

0. FUKNACES. 

Each furnace will be in one piece, J! inch thick, and 
lanr.— « 
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corrugated: 3 feet 3 inches least internal diameter, and 
3 feet 7 inches greatest external diameter. They must 
be perfectly circular in cross-section at all points. They 
will be riveted to flanges of front heads, and will b« 
flanged and riveted to combustion-chamber plates. The 
corrugations of adjafcnt furnaces will be made to al- 



1(U. ORATE BARS AND BEARERS. 

The grate-bars will be of wrought-iron, of approved 
revolving or shaking pattern. They will be so fitted that 
they can be readily worked under forced draft without 
opening the furnace or ash-pit doors, and without allow- 
ing an escape of air or gases. They will also be so fitted 
as to be readily removed and replaced without hauling 
fires. The bars at sides of furnaces will be made of cast- 
iron to fit the corrugations. The bearers will be made of 
wrought-iron, supported by wrought-iron lugs bolted to 
the furnace-flues, and perforated so as to allow the air to 
reach all parts of the grate-bars. 

lOS. BRIDGE WALLS. 

They will be made of cast-iron, so fitted as to be readily 
removable. They will extend back to the back of com- 
bustion-chambers so as to leave no place behind them 
where dirt can accumulate. They will be finished with 
fire-brick or other approved refractory material. 

103. FITRHACE FROHTS. 

They will be made with double walls of wrought-iron, 
bolted to a light frame. The space between the two walls 
will be in communication with the ash-pits. The upper 
part of the inner plate of furnace-front will be perfo- 
rated as directed. The dead-plates will be made of cast- 
iron, and fitted so as to be easily removable. The door- 
openings will be as large as practicable. There will be 
a beading on the inside of the door-frame in wake of 
the inner plate of door to make the clearance as small 
as possible. 
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104. PUBNACE-DOOBS. 

The furnace-doors must he protected in an approved 
manner from the heat of the fire. There will be three 
hinges to each door, all of wroiiijht-iron; the upper 
bingo will be so made as to support the weight of the 
free end of the door, and ko fitted that the sag ean be 
easily taken up. The latehes will be of wrought-iron. 
Drawings showing the arrangement of furnaee- fronts 
and fiirnaee-doors must be submitted to the Bureau of 
Steam Engineering before work is commenced on them, 

106. AIB-DUCTS. 

Air-duets as shown on the drawings will be fitted to 
supply air for the fire-rooui blowers. Hnods or screens 
must be fitted soas to prevent the hot air arising through 
the fire-room Ijatthes being drawn down the ducts lead- 
ing to the blowers. Each air-duct leading to a blower 
will be fitted with a damper, which can be easily and 
quickly closed in case its blower i.s stopped. The ducts 
will be constructed of iron or steel plates not less than 
]^ inch thick. 

106. ASH-PIT BOORS. 

They will be made of !S-inch wrought-iron, stiffened 
with angle or ehannel-inm. Each door will have two 
wrought-iron handles, two wrought-iron beckets to fit 
hooks on uptake-doors, and an eye for slinging by. 

107. LAZT BABS. 

A lazy-bar with the necessary lugs will be fitted in the 
front of each ash-pit. Also portalslc lazy-bars for the 
furnaces. 

108. ABH-PARS. 

Ash-pans of ^-inch wrought-iron. reaching from the 
front of furnaee-flue to bridge-wall, will be fitted to all 
furnaces. 

100. CIRCDLATING-FLATES. 

Each boiler will have circulating-plates fitted at each 
side of each nest of tubes. They will be of steel, }i inch 



I 



52 

thick, in sections, so as to be easily introduced and re- 
moved throujjh man-holes. Each section will have two 
clips at up]»er and one at lower end for supporting it 
from the stay-tubes. The plates will be well painted all 
over with two coats of approved paint or cement. 

lia UPTAKES. 

They will be made of wrouKht-irnn, No. 8 B. W. G., 
built on channel-iron and stiffened with angle- irons, and 
will be bolted to boiler-heads and shells. They will be 
bolted to the lower plates of smoke-pipe, with slotted 
holes to allow for expansion. 

The uptakes from each boiler will be kept separate 
below the armor-bars. 

Outside of the uptakes will be a jacket inclosing a 
3-inch air-space; this jacket will be made of No. 1 2 B. W. 
G. iron, and will extend from the tops of uptake-doors 
to the lops of the uptakes. Above the water-Hnc of the 
boilers the uptakes must be carried up clear of the boiler- 
fronts. 

The .space between the plate.s of the uptake will be 
filled with an approved incombustible non-conducting 
material. 

111. UFTAEE-DOOSS. 

The uptakc-duors will be made of double shells of iron 
of the same thicknes.s as uptakes. The space between 
the shells wiU be filled with the same non-conducting 
material as in uptakes. 

The hinges and latches will be made of cast-steel or 
wrought-iron. Kach door will have two hooks for hang- 
ing the ash-pit doors, and a hook for a rope for hoisting 
the same. 

Each door will also have an eye near its top for hand- 
ling. 

112. SHOKE-FIFES. 

There wilt be two smoke- pi pes, about 55 feet in height 
above the grates of the lower furnaces. The lower parts 
of the pipes will be shaped to connect with the uptakes, 
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and will be built of No. 7 B. \V. G. iron or steel. The 
upper part of the forward smoke-pipe will be oval in 
cross-section and the after one will be round, built of 
No. 9 It. W. G. iron or steel. The flat sides of the oval 
part will be strengthened by cross-stays riveted to angles. 
The pipfs will be well stiffened by angles. 

The ])ipes will be finished at the top by angle-irons, 
to which the stay-shaekles will be secured, and by a hood 
covering the casing, to which will be secured shackles 
for slinging painters. The pipes will be strongly stayed 
by guys and Inrnlnickles of approved dimensions and 
pattern. All joints will be butted and strapped. The 
pipes will be supported in an approved manner, so that 
their weight will not come on the nptakcs. 

From its junction with the uptakes to about 6 inches 
below the hood at top the smoke-pipes will be surrounded 
by a casing, leaving an annular space of 3 inches. The 
casing will bu'inade of iron. No. i: B. W. (>.. and strength- 
ened by angie-irons. It will be butted and strapped, 
flush-riveted <m the outside, and open top and bottom. 
It will be stayed to the pijKS, and will be hnished with a 
half-round iron at top. There will be doors through this 
casingand through smoke-pipes about on a level with the 
main deck. 

Above the smoke-pipe hatches an iron casing. No, iz B. 
W. ti., leaving an annular sjiace of about inches, will 
extend for about 5 feet, and will be finished by half- 
round iron. About i foot above thi.s there will be a hood 
carried by the smoke-pipe casing. 

There will be a ladder on the outside of each pijie. on 
the forward side, reaching to the top; this ladder to be 
made of round iron, bent and riveted to the pipe. 

lis. 8H0K£-FIFE COVEKS. 

The smoke-pipes will have permanently-fixed covers 
made of wrought-iron. No. 11 B. W. G., built on angles 
in a slightly dished form and supported by angles riveted 
to the smoke-pipes. The covers will be placed at such a 
height above the top of the smoke-pipe-s so that they will 
not interfere with the escape of the gases, and will over- 
lap the smoke-pipes about 18 inches all around. 
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114. BOUEE-SASDLES. 

Jiat'h doiiblc-c'iidwl Iwilcrwill rest in five saddles, and 
each sinjile-cnded biiiler in two saddles. Anfjlc-irons will 
be riveted ti) the builers to tit the saddles. The angle- 
irons will be bolted to the saddles with allowance for 
expansion. 

IIK. BOHEE ATTACHMENTS. 

Each bfiiier will have the followinj;: attaehnients, viz: 

One steam stop-valve: 

One dry-pipe: 

One main feed eheek-valve with internal pipe; 

One auxiliary feed eheek-valve with internal pipe; 

f )ne bottom-blow valve with internal pipe; 

One snrt'aee-blow valve with internal pipe and seuni- 
pan; 

Two safety-vaives to be eonneeted with dry pipe or 
have internal pipes; 

One steani-jjan^^e 'in each sinj^le-ended boiler, and one 
at eaeh end of eaeh donble-ended boiler; 

Two j^lass \vater-j;aii>,'es of approved antoniatic-elosing 
pattern oil eaeh sinjjle-endedlniiler, and two at the feeding 
and one at the other end «( eaeh double-ended boiler; 

Four ;,'anj,'e-eoeks on eaeh single-ended boller.and four 
at eaeh end of eaeh donble-ended boiler; 

t)ne sentinel-valve: 

One salinometer-pot; 

One drain-eoek: 

One air-eiii-k; 

One approved eireulatin,^; apparatus; 

One eoek with thread for the attaehment ■ 
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syringe. 
/\ii external littinjis will he of eonipf>sition unless 
otherwise directed. All littinn-s will be Hanged and 
through -bolted or attaehed in other approved manner. 
All coeks. valves, and pipes will have sjiigots <ir nipples 
passing through the boiler-plates. All internal pipes will 
be of bra.'i.s, Xo. 14 B. W. O., and must toueh the plates 
nowhere exeept where they eonneet with their external 
fittings. The internal feed and blow-pipes will be ex- 
panded in the holes in boiier-shells to fit the nipples on 
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ended boilers will each be 4}^ inches in diameter, and on 
the single-ended boilers 3 inches diameter. They will 
be placed on the shell at front ends of the boilers, but 
entirely separate from each other, and will be fitted with 
internal pipes, the main feed-pipes leading above the 
tubes and pointing downward in the water-spaces be- 
tween the nests of the tubes and between one of the wing- 
nests and shell, as shown. The auxiliary internal feed- 
pipe will lead in a similar manner on the other side of 
the boiler. 

The valve-cases will be so made that the bottom of the 
outlet-nozzle shall be at least ,'i inch above the valve-seat. 
The valves will be assisted in closing by phosphor-bronze 
spiral springs. These valves will have polished brass 
bent bar-handles in lieu of hand-wheels. 

ISa SAPETT-VALVES. 

Each double-ended boiler will have two 7-inch and each 
single-ended boiler two s-inch spring safety-valves, placed 
on the stop-valve casings; the two valves to be in one 
case. Each valve will have a projecting lip and an 
adjustable ring for increasing the pressure on the 
valve when lifted, or an equivalent device for at- 
taining the same result. They will be adjustable for 
pressure up to the test pressure — the adjusting mech- 
anism to have an index to show the pressure at which the 
valve is set, and a lock to prevent tampering with the ad- 

¥;5tment. The locks on all safety-valves will be alike, 
he springs will be square in cross -section, of first quality 
of tool-steel, and will be nickel-plated. They will be of 
such a length as to allow the valves to lift one-eighth of 
their diameters when the valves are set at 160 pounds 
pressure. They will have spherical bearings at ends, or 
be connected to the compression-plates in such a manner 
as to insure a proper distribution of pressure. They will 
be inclosed in cases so arranged that steam will not come 
in contact with the springs. The spring-cases will be so 
fitted that the valves can be removed without slacking 
the springs. The valve-stems will fit loosely in valves, 
to bottom below the level of the seats, and to be so secured 
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that the valves may be turned by a wrench or cross-bar on 
top of stem. The valves will be guided by wings below 
and in an approved manner above. The valves will be 
fitted with mechanism for lifting by hand' from main 
deck and fire -rooms — the mechanism for each pair of 
valves to be such that the valves will be lifted in succes- 
sion. All joints in the lifting-gear will be composition- 
bushed. The outlet nozzle will be in the base casting, so 
that the joint at the escape-pipe will not have to be broken 
when taking the valves out. The casings, valves, and 
spindles will be made of composition. The valve-seats 
will be of nickel, or equivalent metal of approved kind. 
A drain-pipe will be attached to each safety-valve casing 
below the level of the valve-seats, leading to the bilge. 

1. SENXmEL-VALTES. 

Each boiler will have a sentinel-valve of ^ square 
inch area. It will have a sliding weight on a notched 
lever graduated to 1 70 pounds pressure, and will be placed 
at the same end of the boilers as the check-valves. 

tS. BOTTOH BLOW VAIVE8. 

There will be a zj4-inch bottom blow-valve on each 
boiler, bolted to the shell near the front. The valves 
will close with the boiler-pressure. An internal pipe 
will lead from each valve to near the bottom of the 
boiler. 

18. BL0W-?IPE8. 

A 3-inch pipe will connect with all bottom blow-valves 
in each compartment and with a sea-valve in the same 
compartment. This pipe will have a nozzle for the con- 
nection of a pipe for pumping out the boilers. There 
will be a straight way -valve in the blow-pipe as near the 
sea-valve as possible. All joints will be flange-joints. 

14. BOILEB PUHPIHO-OVT PIPEa 

A 3-inch pipe will connect the bottom blow-pipe in 
each compartment with one of the auxiliary feed-pumps, 
with a screw stop-valve above the floor near the pump. 
13675—8 



180. 8TEAK-0AU0ES. 

There will be a spring steam-gauge on each single- 
ended boiler and one at each end of each double-ended 
boiler. The gauges will have seamless tubes and 8j4-inch 

dials, graduated to 255 pounds, and will be equal to 
"Lane's improved." This gauge will have an independ- 
ent connection with the boiler and be fitted with a 
three-way cock, a drain-cock at the lowest part of the 
steam-pipe from the boiler, and a coupling for attach- 
ment of a test-gauge. 

126. BOILEB VATEB-OAnOE8. 

Each single-ended boiler will have two glass water- 
gauges, and each double-ended boiler will have two glass 
water-gauges at the feeding and one at the other end, 
and all to be of approved automatic-closing pattern. 
Each gauge will be placed at the aide of the boiler and will 
have ij-fj-inch pipes leading to top and to near bottom of 
boiler, with a valve in each close to boiler. The shut-ofE 
and blow-out cocks are each to have at least ^ inch clear 
opening, and will be packed cocks, with levers and rods 
for working from fire-room. The glasses will be about 
16 inches in exposed length, with the lowest exposed 
part about i inch above the highest heating surface. 
The glasses will be well protected. A brass index-plate, 
with letters and arrows cast in relief, will be fixed close 
to each gauge-glass to show the height of the top of com- 
bustion-chamber. The blow-out cocks will have drain- 
pipes leading to bilge, with union-joints. 

187. QAUOE COCKS. 

There will be four asbestos-packed gauge-cocks of ap- 
proved pattern on each single-ended boiler and four at 
each end of each double-ended boiler, with rods and levers 
for working from fire-room. Each cock will have an in- 
dependent attachment to the boiler. They will be spaced 
about C inches vertically, the lowest one being about 4 
inches below the highest heating surface. Each set of 
cocks will have a drip-pan and a drain-pipe leading to 
bilge. 



128. SALnroUETER-POTS. 

There will be a sal i no meter- pot of approved pattern 
connceted to each boiler. They will be placed in groups 
ill the fire-rooms where directed. 

129. BOILER SBAIN COCKS. 

Each boiler will have a i-inch drain-cock of approved 
pattern. 

130. BOHEB AIB-COCES. 

Each main boiler will have a j4-inch air-cock#at its 
highest part, with a J^-inch copper pipe leading to bilge. 

131. CISCVLATraO APPARATirS. 

There will be fitted to each boiler an approved device 
for circulating the water in the boiler while raising steam. 
Each of these will be fitted where directed and have a 
stop-valve close to boiler. They will take steam from the 
auxiliary steam-pipe, with stop-valve in fire-room. 

132. ZINC BOILER PBOTECTORS. 

Each boiler will have rolled-zinc plates 12 x 6x J^ inch. 
Each plate will be bolted to a wrought-iron strap, which 
will be clamped to the stays. Each strap will be filed 
bright where in contact with zinc and stay, each stay 
being al.so filed bright at contact point. After being 
bolted in place the outside of the joints will be made 
water-tight by paint or approved cement. The zinc plates 
will be located as may be designated. 

133. HAIH FEEDPUMPS. 

There will be in each fire-room in which the check- 
valves arc placed a vertical pump of approved pattern, 
with packed pistons or packed plungers for a main feed- 
pump. It will have water-cylinders of sufficient capacity 
to deliver 1 10 gallons of water per minute for the single- 
ended and 220 gallons of water per minute for the double 
ended boilers. The water-valves will be metallic, of 
approved kind. The pump will be so arranged that the 
packing of the water-piston will be eas.\\>i ?.K.'i^'=.^-C^is.'*- 



The steam-cylinder must be of sufficient size to work 
the pump at the required speed to supply the water 
above required. The exhaust-cushion must be adjust- 
able. The water-cylinders, pistons, and pump-rods will 
be of coinposition or bronze, and all other working parts 
will be of wroiight-iron or steel. 

Each main feed-pump will draw water from the feed- 
tanks only, and deliver into main feed-pipe only. 

14 AVXILIABT FEES POMPS. 

There will be in each fire-room in which the check- 
valves are placed a horizontal auxiliary feed-pump of 
approved pattern, with packed pistons or packed plungers. 
It will have water-cylinders of sufficient capacity to 
deliver no jfallons of water per minute for the single- 
ended and zzo gallons of water per minute for the double- 
ended boilers. It will be connected to draw from the sea, 
feed-tank bilge, or boilers jit will, and to deliver either into 
auxiliary feed-pipe, fire-main, or overboard through the 
outboard delivery in its own compartment. The water- 
cylinders, pistons, and pump-rods will be composition or 
bronze, and all other working parts will be of wrought- 
iron or steel. In each engine-room one of 500 gallons 
capacity per minute, as specified under engine-room 
auxiliary pumps. 

These pumps will have steam-cylinders adapted for use 
as fire-pumps with steam of 60 pounds pressure. 

6. FEED-PUMP PRESSURE OAVOES. 

Each main and auxiliary feed-pump will have a spring- 
pressure Kauge registering from zero to at least 300 
pounds per square inch. 

e. ASH HOISTS. 

One ventilator in each fire-room will have vertical guide- 
strips of iron on the inside, and be fitted with all the 
necessary gear for hoisting ashes. 

An ash-hoisting engine of approved design will be 
fitted in each fire-room hatch or such place as may be di- 
rected, of sufficient power to hoist 300 pounds from the 
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fire-room floor to the deck in five seconds with steam of 
60 pounds pressure. 

It will have a reversing-gear, to be worked from the 
fire-room and from deck, with approved adjustable safety- 
gear to prevent overwinding and to stop the engine when 
the ash-buckct reaches the fire-room floor. It will also 
be fitted with an approved brake to eontrol the drum. 
The ash-hoist will be fitted with the necessary sheaves, 
whip, and all appliances necessary for handling ash- 
biiekets. 

7. nRE-ROOIf BL0WEB8. 

There will be one blower of approved pattern in each 
fire-ruom. 

These blowers must be capable of supplying to the 
fires continuously, with case, sufficient air to maintain 
the maximum rale of combustion. They will take air 
from ducts, as shown on the dr.iwings, and deliver into 
the fire-rooms. If necessary, light iron screens will be 
fitted in fire-rooms so that the air from the blowers will 
not blow the coal-dust. 

The blowers in the after fire-room will take the air 
from the engine-rooms so as to thoroughly ventilate 
them. 

The spindle-l>earings must be accessible while the 
blowers arc in motion, and will be of anti-friction metal 
fitted incompositionboxes, and, together with their lubri- 
cating apparatus, must be thoroughly protected from dust. 

If the blowers are fitted with casmgs, the casings must 
be so made that they can be removed without cutting out 
rivets. 

S. BLOWER-ENGINES. 

Each blower will be driven direct by a balanced engine 
of two or more cylinders of an approved design, and of 
sufficient power to run the blower at full speed with 
steam of 100 pounds boiler pressure. The engine-valves 
■ must be of the slide, or piston type. 

All working parts must be closed in, but easily accessi- 
ble for overhauling. The lubrication must be automatic 
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and thorough, iind such that the oil cannot come in con- 
tact with dust in the fire-room. The throttle-valve in 
the steam-pipe of each blowing-engine will be arranged 
to be worked from the fire-room floor, with suitable index 
to show how much it may be open. The steam-pipe for 
each blower will connect with auxiliary steam-pipe. 

The shafts of blower -engines will be so fitted that a 
portable revolution-indicator can be quickly and easily 
applied without removing any part of the mechanism. 

9. AIB-PBE88UIIE GAUQES. 

A guagc of pattern approved by the Bureau of Steam 
Engineering will be fitted in each fire-room to show the 
air pressure. 

A portable gauge will also be supplied to each fire-room, 
with conveniences for connecting it to the furnaces, up- 
takes, and wherever desired to measure the air pressure. 

All these gauges will indicate pressures in " inches of 
water." 

0. FIBE-TOOL BACKS. 

Racks will be fitted in each fire-room in convenient 
places for holding all necessary fire-tools. 

1. ASH DUMPS. 

From each ash-hoist, on the upper deck, permanent 
over-head rails, suitably supported, will lead to the nearest 
ash-chute on each side of the ship, if directed.' Each of 
these will be fitted with a traveler of approved design, 
with all necessary appliances for carrying the ash-buckets. 
At the top of each ash-chute a dumping-hopper of ap- 
proved design will be fitted, so arranged as to fold up 
out of the way when not in use. The ash-buckets are to 
be balanced dump-buckets, with all necessary gear com- 
plete. All the ash-hoisting and dumping-gear will be 
.such that the buckets will not have to be lifted by hand. 

2. ASH-SPBINKLEBS. 

A valve for wetting down ashes will be fitted in each 
fire-room where directed, and will be fitted with all nec- 
essary hose, couplings, nozzles, and reels or racks. 
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3. STEAH-TITBE CLEANEBS. 

A steam tubc-cleantir, of approved design, will be fitted 
in each fire-room. Steam will be taken from the aux- 
iliary steam-pipe. Sufficient length of steam-hose will 
be provided to easily reach all the tubes, 

4. HYDRAULIC PUMPISO HACHINEE7. 

There will be a hydraulic pumping plant to furnish 
water for revolving the gun-tables, working the guns, etc. 
The plant will consist of at least two independent pumps 
of approved design. Other things being equal, the light- 
est pump which will do the work efficiently will be selected. 

The combined capacity of the pumps will be about 900 
gallons per minute — the working pressure in all cases 
being 600 pounds per square inch. 

The water ends of the pumps will be entirely of com- 
position or bronze. 

All piston-rods, side-rods.cross-heads.valve-stems.links 
and levers of valve-motions, shafts and rock -shafts will be 
made of forged-steel. If supplemental pistons are used 
for the purpose of moving the main valves, the latter will 
also have a positive motion, which will prevent the piston 
striking the cylinder-heads in case of the supplemental 
pistons not acting quickly. If duplex pumps are used, 
the valve-motion must be adjustable. If direct-acting 
pumps are used, they must be so adjusted that, when per- 
forming the duty above specified, each piston shall make 
a stroke of such length that the lineal clearance at each 
end shall not be more than ten per cent, of the stroke. 
Straightway stop-valves will be fitted for the purpose of 
shutting off either pump at steam and water ends m case 
of accident. An approved automatic pressure -regulator 
will be fitted: also an adjustable relief-valve. Before 
being put on board, the plant will be tested to prove that 
the requisite duty can be performed, and that the regu- 
lator will stop and start the pumps promptly, when re- 
quired, without allowing the water -pressure to fall below 
550 pounds pressure. The above specified duty is to be 
performed with 100 pounds steam -pressure at the pump- 
throttle. The pump-valves will be metallic and easily 
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accessible. The steam piston-rods will have metallic 
packing of the same kind as specified for main engines. 

The pumps must either have packed pistons or packed 
plungers; if the packing used is other than ordinary com- 
mercial packing, spare packing will be supplied. The 
pumps must be proved incapable of getting in any posi- 
tion where they will not be started promptly when steam 
is turned on. They must work without pounding when 
performing light or heavy duty. 

A wrought-iron water -tank will be fitted for the plant, 
where directed, and connected with the suction-side of 
the pumps and with the discharges from the hydraulic 
engines. 

The tank will have a capacity of 175 gallons. 

This tank will have a drain-valve with pipe leading to 
the bilge. It will have a neat brass label, plainly in- 
scribed "Fresh water only will be used in this tank." 
Connections will be made to it from the nearest auxiliary 
feed-pump for the pur]X)se of filling it with fresh water. 

It will have a clo.sed top, bolted on, and will be fitted 
with a well-protected glass gauge and a vent-pipe. 

The hydraulic pumps will be set in water-tight beds 
with drains leading to the bilge. The drains of the steam- 
cylinders will be piped to the top of the fresh-water tank; 
also having cocks by which the cylinders can be kept 
drained when not in use. 

All parts of the hydraulic system, except the suction, 
will be tested to 1,300 pounds water-pressure. 

145. HTDRAULIC FIFIVQ. 

All hydraulic pipe, except where otherwise directed, 
will be lap-welded iron or steel, screwed into wrought- 
iron or east-steel flanges, which will be turned male and 
female so that the jiaeking cannot be squeezed out. 

All joints will be made with leather or approved equiva- 
lent material. The sizes of pipes will be sufficient to 
allow the pumps to perform the prescribed duty when 
fitted on board and doing their regular work. 

All pipes will be tested when in place to 1,200 pounds 
pressure per square inch. All stop- valves will be straight- 
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way, of composition. All valves for admitting water to 
and exhausting from the turninj^-engincs, and other 
hydraulic gear herein specified, will be balanced-valves, 
made perfectly tight by renewable packing, and working 
as easily as any that can be procured. Air-cocks will be 
fitted at the highest parts of any loops that may be made 
in the pipes. 

A composition chamber will be fitted so as to revolve 
with the gun-table,the pressure and exhaust-pipes leading 
into it in such a manner that they will not interfere with 
the guns when depressed. 

This chamber will revolve around a double composition 
pipe leading into its bottom, and will have cup-leather 
packing, which will divide it into pressure and exhaust- 
passages. The chamber and pii>es must be tight in all 
their parts and connections, when working with the 
working-pressure, as well as under the test-pressure. 

This chamber will have pressure and exhaust-nozzles 
of proper size for the pipes on the turning-engines and 
for connections with such pipes as may be required by 
the Bureau of Ordnance, in leading to the valves con- 
trolling the running in and oiit,the elevating and depress- 
ing, the loading of guns, and the working of the ammu- 
nition-hoists. 

There will also be nozzles, if directed, for the connection 
of pipes for washing out the guns. 

I. OtHr-TABLE TUBHING QEAE. 

There will be two gears for revolving each gun-table. 
Each gear will consist of a multi-cylinder hydraulic 
engine secured to the gun-table, transmitting its power 
through a pinion or through gears, the motion of the 
gun-table being derived from a fixed rack under it. 

The engines will be of approved type- — collectively of 
sufficient power to turn the gun-table at the rate of one 
revolution per minute with the guns run out and the 
vessel heeled lo degrees. 

The turning-engines must have all their parts easily 
13675—10 
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accessible, and plans showing the engines in proposed 
position must be submitted to the Bureau of Steam En- 
gineering before work is begun on them. The engines 
will not be placed under the guns. 

On top of the rack will be placed a copper trough.which 
will be used as an oil receptacle for oiling the rack; it 
will receive its supply through pipes leading through the 
gun-table near the turning-engines, and will supply the 
oil to the rack through small openings in the bottom of 
the trough at the spaces between the teeth. 

The turning-engines will be fitted in water-tight beds 
with drain-pipes leading to a trough of copper to be 
placed underneath the rack so as to catch the drippings 
from the rack. 

The rack will be made to comply with plans from the 
Bureau of Construction. 

Theturning-cngineswill have stop- valves in their press- 
ure and exhaust-pipes, so that cither engine can be shut 
off in case of accident. The cylinders will have ample 
drain -cocks. 

The engines will be started, stopped, and reversed by 
a valve which will change the pressure and exhaust-ports. 
There will be a hand-lever at each sighting station for 
controlling the moving of the gun-table. This lever will 
move the valve of a supplemental hydraulic cylinder 
through a floating-lever so that the piston will follow the 
motion of the hand-lever. The piston of this cylinder 
will work, through a system of levers, the re versing- valve 
of the turning-engines. The c<mnect!on to the reversing- 
valve will be by means of alloating-lever, imeend worked 
by the gear within the barbette, and the other end so 
guided that when the gun-table revolves to its prescribed 
limit the re versing- valve will be automatically closed. 
The gear will also be so made that, in case of any leak- 
age of the valves, allowing the gun-table to run beyond 
the prescribed liinits, the engines will be reversed. The 
hand-levers in the barbette will be fitted with locomo- 
tive latches and quadrants. Relief-valves will be so fitted 
that, when the water is shut off the turning-engines, or 
the engines reversed, the momentum of the gun-table 
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may be giadually overcome by the action of the valves. 
These valves will he adjustable as to the pressure of 

opening. 

There will also he a hand-lever at each sij^hting station 
for elevating and depressing the guns. These levers will 
he connected to the elevating-cylinders in a manner 
similar to that with which the levers for controlling the 
turning-engines are connected with their engines. 

All cylinders, plungers, valve-boxes, and other parts in 
contact with water will be made of composition, gearing 
of cast-steel and composition, and other working parts 
of forged-steel. All toothed gearing will be cut. All 
working parts will be finished all over. 

If the locking-bolt should be worked by maehinerj' 
instead of by hand, as now required, the Bureau of'Steam 
Engineering will furnish the necessary specifications. 

147. WORKSHOP MACHINERY. 

There will he fitted in the engineer's workshop the 
following : 

A double-geared engine-lathe, to work by hand or 
power, of the best make and of approved pattern. It 
will be of at least 1 2 inches swing and 34 inches between 
centers. It will be fitted with gears for cutting threads 
from 4 tn 40 to the inch, and with four-grade cone-pulleys. 

An approved shaping-machine, to work by hand or 
power, of at least 10 inches stroke and 8 inches traverse, 
with vertical adjustment of table, with three-grade cone- 
pulleys, and with chuck. It will have all the usual ad- 
justments of first-class machines of its size. 

An approved double-geared hand and power drilling- 
machine, with three-grade cone-pulleys, capable of drill- 
ing i'--inch holes, with adjustable swinging-table and 
of at least iS inches swing. 

The tools above specified will be fitted where directed 
in the engineer's workshop. Each machine will be driven 
from a counter-shaft with cone-pulleys to suit the ma- 
chine. 

An engine of approved design will be provided to drive 
this machinery. 
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148. SISTILLINO APPARATUS. 

The distillinjf apparatus, placed whcro directed, will 
consist of two evaporators and two distillers, with their 
accessories, havin); a combined capacity of 8,ioo gallons 
of potable water per 34 hours at a tenipcrature of not 
more than 90° P. when the cooling water is taken in at 
a temperature of 60° F. 

The evaporators will be made with shells of plate-steel 
with welded seams. The heads and flanges will be of 
cast-iron and the coils of copper, tinned inside and out. 
They will be felted and lagged, and will each be fitted 
with a safety-valve, steam-gauge, glass water-gauge, 
gauge-cocks, salinometer-pot, and blow-valve. They will 
take steam from the auxiliarv steam-pipe, and will he 
fitted with automatic traps and with drain-pipes leading 
to the feed-tanks. The shells of the evaporators will hu 
tested to 50 pounds to the square inch, and the coils and 
all parts subject to the boiler pressure to 230 pounds per 
square inch. 

The distillers will be made with shells of sheet-brass, 
flanges and heads of composition, and cftils of copper or 
brass, thoroughly tinned on both sides. The coils of 
each distiller will he divided into at least three parts, 
each with a separate inlet and outlet-valve. 

A filter of approved design will be fitted to each dis- 
tiller. 

There will be efficient means for aerating the steam 
used in making distilled water. 

There will be a steam-pump of ajiproved pattern, and 
of a capacity of about 10 gallons per minute at ordinary 
speed, fitted' to draw water from the filters and deliver it 
into the fresh-water tanks. The cylinders of the puinp 
will be of "light service" proportions, for using steam 
of 60 pounds pressure. The water end of the pump will 
contain no copper or lead. A pipe will lead from the 
atmosphere, above the ship's awnings, to the suction of 
the pump, with a regulating-valve, so that air can be 
forced into the tanks with the water. In the water-suc- 
tion of the pump will be fitted an approved water-meter, 
made withotit copper or lead. The discharge-pipes to 
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the frcsh-watcr tants will lead to the bottoms of the 
tanks, BO that air forced in will rise throiitih the water. 

A pump of approvctl pattern and size will be fitted for 
feedinjf the evapurators: also (ine to circulate the coolinjj 
water thronj,^h the distillers to draw water from a special 
sea-valve placed where directed. Also a pump, with 
metal valves, which can draw the condensed water from 
the evaporators and flcliver it into the auxiliary feed- 
pipe. This pump will be placed below the level of the 
evaporators and will take the condensed water from the 
traps. 

'I'hc condensing water after leaviTi)f the distillers will 
he led forward by a pipe of .-ipproved sixc, with connec- 
tions for tlushinji the crew's water-elosets, with braiielies 
to the officers' wator-chi.'^ets. A by-pass pipe will be pro- 
viiled so that water iiiav pass to the closets when the 
distillers may be shut oft". 

The evaporators and distillers will be so fitted that 
their ct)ils can be easily removed for repairs. There 
must be no internal detaeliable joints in the coils of 
cither evaporators or distillers. 

In connection with the distillinjj apparatus there shall 
he pro\'ided an ajiprovcd refrijjcrat injf plant, i)f a capacity 
equal to a one-ton ice machine. There will also be a con- 
neeti'in of the same size as the pijie conneetin;^ the 
evaporator and distiller from the evaporators to the main 
and auxiliary condensers. 

149. WASH-WATEB TANKS, ETC. 

There will be one or more cylindrical wrought-iron 
tanks, of a combined capacity of 500 gallons, to hold 
fresh water for (ircmen's use. They will be fitted in 
such places as may be designated. ICach tank will have 
an overllow-pipe, without valve or cock, leading to the 
bilge, with the end in plain view from the fire-room; 
also a drain-pipe with its valve easily reached from the 
fire-room. A pipe will be led direct from the fresh- 
water outlet of the distiller for filling these tanks without 
passing the water through the filter; this pipe to have a 
locked cock. 
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There will be an approved hand-pump connected as 
follows: to have suction-pipes from the feed-tank suction- 
pipe and from the tanks above mentioned, and to dis- 
charge into these tanks and into the tank in the firemen's 
wash-room; all pipes fitted with stop-valves close to 
pump. The pump will have a dead-weight relief-valve 
set at just sufficient pressure to allow the wash-room 
tank to be filled. 

A cylindrical cupper tank, of about 50 gallons capacity, 
wilt be fitted in the firemen's wash-room and connected 
with the pump above specified. The tank will be sup- 
plied with a vent-i>ipe with a float- valve, which will close 
the vent when the tank is full. There will be a service- 
pipe from tile tank, with a branch to each wash-basin, 
and one for fillin^i buckets. Kach of these branches will 
have a self-closing Icver-faucct. In the service-pipe, 
close to the tank, will be a locked cock. 

Ida MAIN STEAH-FIFES. 

A pipe of approved siice will connect the stop- valves of 
the starboard boilers, and a similar pipe will connect the 
stop-valves of the port boilers. The pipes wili be led as 
shown, and have stop-\-alvcs where shown. 

Straightway -valves will be used where shown. 

It must be possible to regulate the stop-valves next 
to the after bulkhead of after tire-room from the cngine- 

ISl. ADXILIAKT STEAH-PIFES. 

There will bean auxiliary steam-pipe ex tending through 
engineandboilercompartnients, and tothcwindlass,stecr- 
ing, dynamo, and ventilating-fan engines, and to the engi- 
neer's workshop. It will connect with the auxiliary stop- 
valves in both boiler compartments and with the main 
steam - pipe in each engine-room abaft the separator. 
There will be a stop-valve in the after part of each fire- 
room close to the bulkhead, one in each engine-room close 
to the bulkhead, and one in each connection with the 
main steam-pipe. Branches will extend to all auxiliary 
machinery herein specified. The pipe will be of sufficient 
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size to supply all auxiliary machiiiory, including dynamos 
and ventilating-fans, when taking steam from ahaft the 
separators. The auxiliary steam-pipe will be arranjfed, 
where possible, so that steam condensing in it may drain 
back to the separator. Where it is not possiljle to so ar- 
range it, or wherever pockets necessarily occur, the pipe 
will be drained and trapped. All branches from the pipe 
to pumps or engines on a lower level will have the stop- 
valve for such machinery close to the main pipe, with a 
spindle for working it from below, so that when the pump 
or engine is standing idle there will be no opportunity for 
water to collect in the vertical pipe leading to it, which 
must be blown out before starting. 

08. AirXILIART EXHAUST-FIFES. 

An auxiliary exhaust - pipe, of sufficient size for all 
auxiliary machinery herein specified, and for such other 
steam -machinery as may be fitted in the vessel, will be 
fitted and connected to all auxiliary machinery herein 
specified. It will have nozzles for all other auxiliary ma- 
chinery. It will have valves to direct the exhaust-steam 
into either main condenser, into either auxiliary conden- 
ser, into either low-pressure cylinder, or into the atmos- 
phere through the escape-pipe at will. At each connec- 
tion with condensers and escape-pipe the auxiliary e-\- 
haust-pipe will be fitted with two stop-valves so as to 
minimize the chance of an air-leak 

The connection with the escape -pipe will be made 
below the armored -deck. All exhaust-pipes from engines 
above the armored-deck leading to the condenser will be 
fitted with valves below the armored-deck. 

S8. BLEESER-FIFES. 

A 6_'-j-inch branch from the main steam-pipe in each 
engine-room will lead to the main condenser, with a stop- 
valve operated from the working-platform. 

54. IFTERHEDIATE AVD LOW-PRESSURE STEAH-FIFES. 

A s-inch branch from the main steam-pipe will lead to 
each intermediate, and a similar pipe to each low-pressure 
valve-chest, each with a stop-valve. 
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60. SXPARATOB& 

There will be in each main steam-pipe in each engine- 
room a centrifugal or other approved separator. They 
will be made entirely of cast-steel and plate-steel, each 
fitted with a well-protected glass gauge of the automatic- 
closing pattern, and an approved automatic steam-trap, 
with drain delivering into feed-tank. There will also 
be a drain connected directly to the separator, discharg- 
ing overboard or into the main feed-pump suction at will. 

56. HAUr FEXB-PVHP EXHAUST. 

The exhaust-pipes from the main feed-pumps, in addi- 
tion to the connection with the cxhanst-main, will be so 
arranged that the exhaust-steam can be turned into the 
feed-pump suction instead of into the auxiliary exhaust- 
pipe — chambers with suitable nozzles for this purpose 
being fitted in the suction-pipes. 

67. ESCAPE-PIPE. 

There will be lo-inch copper escape-pipes abaft the 
smoke-pipes, extending to their tops, finished and secured 
in an approved manner. These pipes will have branches 
leading to all the safety-valves in its compartment. The 
auxiliary exhaust-pipe will also lead into the esc.ipe- pipes, 

68. HAUT PEED-PIPES. 

A seam less- drawn brass pipe of the same diameter as 
the discharge from the 5oo-gal!on auxiliary feed-pumps in 
the engine-rooms will extend from each engine-room to 
the forward tire-room; it will be placed on the outboard 
side of the fire-rooms and above the fioor-plates. A 
branch will lead from this pipe to each of the main check- 
valves on the boilers on the same side of the vessel. 

There will be a straightwav-valve in each branch pipe 
close to the main fore-and-aft fectl-pipe, and a straight- 
way-valve in the main fore-and-aft feed-pipe where it 
passes through each water-tight bulkhead. 

A seamless-drawn brass pipe will connect each main 
feed-pump in the fire-rooms with the branch pipe leading 
from the main fore-and-aft feed-pipe to the boiler main 
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check-valve in the same fire-room. This pipe will be of the 
same diameter as the branch pipes, and will be fitted with 
a screw check-valve at the pump, and connect with the 
branch pipe between the straight way- valve in that pipe 
and the main check-valve on the boiler. 

There will be an athwartship-pipe in the engine-rooms 
connecting the fore-and-aft main feed-pipes with a valve 
where the pipe passes through the fore-and-aft bulkhead. 

159. AUXILIART FEED-PIPES. 

A seamless-drawn brass pipe of the same diameter as 
the discharge from the 500-gallon auxiliary pumps in the 
engine-rooms will extend from each engine-room to the 
forward fire-room. It will be placed on the inboard side 
of the fire-rooms and above the floor-plates, and will be 
connected with the main fnrc-and-aft feed-pipes in the 
engine-room by a straight way- valve. A branch will lead 
from this pipe to each of the auxiliary check-valves on 
the boilers on the same side of the vessel. 

There will be a straightwaj'- valve in each branch pipe 
close to the auxiliar)' fore-and-aft feed-pipe, and a straight- 
way-valve in the auxiliary fore-and-aft feed-pipe where 
it passes through each water-tight bulkhead. 

A seamless-drawn brass pipe will connect each aux- 
iliary feed-pump in the fire-rooms with the branch pipe 
leading from each auxiliary fore-and-aft feed-pipe to the 
boiler auxiliary cheek-valve in the same fire-room. 

This pipe will be of the same diameter as the branch 
pipes, and be fitted with a screw check-valve at the pump, 
and connect with the branch pipe between the straight- 
way-valve in that pipe and the auxiliary check-valve on 
the boiler. 

160. FEED-WATEB HEATEE. 

There will be for each fire-room a feed-water heater of 
suitable size, placed where directed. Plans showing the 
type and arrangement of heater must be submitted to 
the Bureau of Steam Engineering for approval before 
vv ork is commenced on them. 
13075—11 
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161. FIRE-MADr. 

A pipe will extend fore and aft on the berth-deck, with 
an approved fire-plug of Navy standard size, placed where 
directed in each compartment. This pipe will be con- 
nected with the discharges of the two engine-room fire- 
pumps, the four engine-room auxiliary pumps, and the 
auxiliary feed-pumps in the fire-rooms. Two branches 
from this main will lead up to the superstructure and be 
fitted with fire-plugs. A branch from the main will lead 
to each magazine passing-room, one to the compartment 
abaft the engines, and one to each compartment forward. 
Each of these branches will be fitted with a fire-plug, and 
will be so connected that all of the fire-pumps can work 
on it. There will be a fire-plug in an approved position 
in each engine-room and each fire-room. All fire-plugs 
will be fitted with straightway-valves. Drain-pipes will 
be fitted to drain all parts of the fire-main and branches. 
A reverse coupling will be supplied, with adapters to 
suit the various sizes and threads of fire-hose commonly 
in use, for the purpose of filling the boilers with fresh 
water from hose on shore, or on boats alongside. 

There will be a i^S-inch pipe leading from the auxiliary 
steam-pipe to each coal-bunker and hold, to be used for 
extinguishing fire. This pipe will have a valve in it close 
to auxiliary steam-pipe, and another at each coal-bunker 
or hold bulkhead. 

162. PIPES THROUGH WATER-TIGHT BULKHEADS AHD DECKS. 

They will be made water-tight by stuffing-boxes, flanges, 
or other approved means. 

Pipes must not be led in such manner that the angles 
or tees of bulkheads have to be cut. Holes through 
wooden decks, where pipes pass through, will have brass 
or copper thimbles, made water-tight, extending at least 
three inches above decks. 

163. PIPES THROUGH COAL-BUHKERS. 

They will be protected by iron casings, made in sec- 
tions, easily removable for repairs. Pipes must not be 
led under openings of coal-chutes. 
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164. DRAIN-FIFES AND TBAF8. 

An phiL'es where eondenscd sleiiin ean accumulate will 
be jirdvuied with ilniin-pipes aiid cocks or valves of 
ample si/e, and witli approved automatic traps, which 
will discharjjc into feed-tanks or condensers, or as di- 
reclcd. All traps will have hy-pass pipes and valves for 
convenience of overhauling,'. The lowest parts of all 
water-pipes and all piimp-eylinders and channel-ways 
will havf drain-coeks with pipes, where required. The 
handles of all drain-coeks will point downward when 
closed. All -,'kiss watcr-saujies under pressure will he of 
approved auU-niatie-clnsin^r puttern. 

165. THICKNESS OF FIFES. 

The thickness of nictal in the princi]»al pipes will be 
as follows, by B. W. (J.: 

Steam-pipes above 9 inches bore anti less than 

12 inches bore ___ No. 4 

Steam-pipes above 7'/ inches bore and less than 

9 inches bore No. 5 

Steam-pipes above 5 inches bore and less than 

7'^ inches bore - No. 6 

Steam-pipes above 4 inches liorc and less than 

5 inches bore No. 9 

Stcam-pipcs of and above ,} inches bore and less 

than 4 inches bore No. 1 1 

H. I', exhaust to I. P. cylinder No. 4 

I. r. exhaust to L, I', c'vlindcr No. j 

L, P. exhaust to condenser _No, 7 

Circulatinj;-pum]i suetinn and discharge-pipes.. No. 7 

Biljic-injeciioii pi|»cs No. 11 

Air-]junip dischar^jc to feed-tanks No. 11 

Feed-pump suction-jiiix-s No. 13 

Feed-pipes No. 4 

Blow-]>iiJes No. 9 

Auxiliary exhaust-pipes No. 13 

E.scapc-iJipes _ _ No. 13 

Dry-pipes _ No. 14 

Connections to fire-main No. 10 

Galvanized wrouj^ht-iron bilKe-suetion pipes. ..No. 7 
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All bends in brazed -capper pipes will lit; nno (,'!iiige 
thicker than straight parts. 

All pipes of which the thickness is not jjivtn in the 
above list will be made of approved thickness. 

». MATERIAL AHD FITTIHQ OF PIPES. 

All pipes, except the lower ends of biljie-suction pipes, 
will be of copper, unless otherwise specified. 

The lower parts of bilge-suction pipes will be of gal- 
vanized iron. 

All feed and blow-pipes, all bilge-suction pipes except 
the lower parts, and all steam-pipes less than .^ inches in 
diameter, will be seamless-drawn. All copper pipes not 
seamless-drawn will be bras-.ed All cupper pipes over 3 
inches in diameter will have composition Hanges riveted 
on and brazed, and will have the end of the pipe expanded 
into a recess in the face of the llange; all under 3 inches 
will have flanges or approved composition couplings 
brazed on, and the end of the pipe will be expanded into 
a recess in the face of the flange. All feed and blow- 
pipes will have composition flanges. All flanges will be 
faced and grooved, and joints made with approved ma- 
terial. All composition flanges below the floor -plates 
will be connected by bolts and nuts of naval brass or 
Tobin bronze. All copper-pipe T-pieces and fittings will 
be of composition, except where otherwise directed. 
Expansion-joints of approved pattern will be fitted 
where required. Slip-joints, if fitted, will have stop-bolts 
and flanges. All copperpipes in bilges will be well painted 
and covered with water-proof canvas, and must not rest in 
contact with any of the iron or steel work of the vessel. 

17. AVXIU&RT ENOUrE STOP-TALVES. 

Each auxiliary engine will have stop-valves in both 
steam and exhaust-pipes as close to cylinders as possible. 
Exhaust stop-valves will be straightway where practi- 
cable. All pumps, except circulating-pumps, will have 
screw check-valves in both suction and delivery-pipes 
close to pump-cylinders, sn arranged that they may be 
kept off their seats when desired. 
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t8. PUHP-CTLINSERS. 

All pump-cviinders, together with their valve-boxes 
and fittintfs, will be made of composition, unless other- 
wise specified. Air-chambers will be fitted on the de- 
livery sides of pumps or in the pipes, as may be directed. 

The water-cylinders of all vertical pumps will be so 
arranj^cd that the pistons are easily accessible and fitted 
for overhaulinj;- without disturbinf; the framing or piping. 
All pumps will have either packed pistons or packed 
plungers, excepting air-piimps, which will be made as 
shown. 

(9. PDKP REUEF-VALVES. 

All feed and fire-pumps will have adjustable spring- 
relief valves of approved design, connecting the delivery 
and suction passages, 

to. SEA-VALVES. 

There will be in the various compartments sea-valves, 
as follows: 

hi each engine compartment a screw stop- valve, having 
independent connection to the side of the vessel, of suf- 
ficient size to supply water to the fire, bilge, and the 
auxiliary pumps in that compartment, also with a 3-inch 
nozzle for connection of the water-service pipe. Also in 
each engine comjiartment a double valve-box with a 
strew non-return valve for the discharge from the fire 
and bilge and auxiliarv pumps, and a non-return valve 
for trap discharge. This valve-box may, if desired, be 
connected to the outboard nozzle of the main outboard- 
delivery valve. The main injection and outboard-delivery 
valves will be as elsewhere specified. 

In each boiler compartment there will be a Kingston- 
valve for each boiler for a bottom-blow and pump-dis- 
charge, and a sea-valve for each au.tiliary pump sea-suc- 
tion. 

There will also be a sea-suction valve for the distiller 
circulating-pump, placed where directed. 

1. BILOE-STRAIHERS. 

Each pipe leading from the bilges or from the drainage 



system of tho vossel to the inimpw will bo filted with a 
Macomb, or equivalent, strainer, aljove the floors. 

The baskets of M;icomb strainers will have a diameter 
equal to onu and one-half times the diameter of the pipe, 
and a length equal to twice the diameter of the pipe. 

172. ATTACHMEHT OF VAIVES TO HULL. 

Steel St renjit hen inji- rings will be riveted to plating of 
hull around the openings for all sea-valves. The vaive- 
tianges will be bolted to these rings by naval-brass or 
Tobin bronze studs, care being taken not to drill the 
holes entirely through the rings. A zinc protcetiny-ring 
will be fitted in each opening in outer skin in such a 
manner as to be easily renewed. 

All suction-v.ilves will have strainers over their open- 
ings on the outside of the vessel. These strainers will 
have Sa-inch holes with a eolleetive area equal Co twice 
the area of the valve-openings. Strainers must be fast- 
ened to valve-casings and not to the plates of the hull. 
All valves below the turn of the bilge will have pipes 
secured to the outer skin of hull and p.issing through 
stuffing-boxes in the inner skin. 

178. COCKS AND TALV£8. 

All cocks and valves and their fittings, except as other- 
wise specified, will be of composition. All hand-wheels 
will be of finished brass, except as otherwise specified, 
and will be at least one and one-half times as great in 
diameter as their valves. All cocks communicating xvith 
vacuum spaces will have bottoms of shell cast in and 
have packed plugs. All cocks over i inch in diameter 
will have paeked plugs. 

Valves of approved pattern will be supplied wherever 
necessary to complete the various pipe systems, whether 
herein specified or not. All valves will be so fitted as to 
be easily ground in, and be fitted where required with 
grinding-m guides and handles. No conical-faced valve 
will have a bearing on its scat of more than ^^ inch in 
width. All valve-spindlcs must turn right-handed to 
close, and have outside threads where practicable. Cocks 
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and valves may have, where approved, in lieu of wheels 
or permanent handles, removable box or socket-wrenches, 
marked and stowed in convenient racks — these handles 
to be so fitted that they can only be removed when the 
valves are closed. All cocks and valves underneath the 
floor-plates will have their wheels or handles above the 
floor-plates, in easily accessible positions, unless other- 
wise directed. The sizes of valves as given in these 
specifications refer to the diameter of the equivalent 
clear openings. 

74. LABELS OS OEAB AND IRSTBIJMEnTS. 

All cocks will have engraved brass plates to show their 
uses and to indicate whether open or shut. All valves 
except such as may be otherwise directed will have sim- 
ilarly engraved plates to show their uses, or have the 
same plainly engraved on hand-wheels. 

All hand-levers or their quadrants will be similarly 
marked. Gear for working valves from deck will be 
marked as elsewhere specified. 

All main steam stop-valves will have indices to show 
to what extent they are opened. 

All gauges, thermometers, counters, telegraph-dials, 
speaking-tube annunciators, and revolution-indicators 
will be suitably engraved to show to what they are con- 
nected. 

All engraving will be deep and be filled in with black 
cement. 

.75. CLormno and laooing. 

The main cylinders and valve-chests, after being finally 
secured in place in the vessel and tested, will be covered 
with approved incombustible non-conducting material 
and neatly lagged with black walnut all over, with pol- 
i.shed brass bands and round-headed brass screws. The 
lagging will be made in removable sections over each 
cylinder, valve-chest, and man-hole cover, the sections to 
be of such size as to be easily handled, and all parts 
plainly marked. The lagging elsewhere will be so secured 
as to be easily removed, replaced, and repaired. 
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All parts of the condensers except the water-chests at 
ends will be clothed with approved material, put on in 
sections so as to be easily removed and replaced. 

All steam and exhaust-pipes, the separators, the feed- 
water heaters, and all steam-valves will be clothed in an 
approved manner with a satisfactory non-conducting 
material, covered with canvas, well painted. The main 
steam and exhanst-pipes in enginc-r<)oni and the main 
separators will be also covered with black -walnut lagging 
with brass bands. The canvas covering of steam-pipes 
will be secured to bulkheads where the pipes pass through 
them. 

The steam-cylinders of ali auxiliary engines will be 
clothed and lagged the same as main cylinders. 

After the boilers are in place and have been tested and 
painted they will be covered all over, except where 
directed, as low as the saddles, with approved incom- 
bustible non-conducting material at least I '.4 inches thick. 
This clothing will be covered on tops, sides, and back 
heads and on fronts, where required, bv galvanized 
wrought-iron plates about No. i« R. W. (1., flanged not 
less than t inch and bolted together; also secured to 
boiler-plates at bottom hy angle-iron, which will be held 
in place by ,'j-inch bolts tapped part way into the boiler- 
plates, and held off from tJie boiler -plates elsewhere by 
suitable distance-pieces. 

176 BASIATOBS. 

Radiators of approved patterns with such areas as may 
be called for in the specifications for radiators to be fur- 
nished by the Bureau of Steam Engineering, will be 
furni'shed, fitted, and connected. 

Each radiator or coil of more than 10 square feet will 
be divided into two parts. All radiators will be fitted 
with approved valves, with valve-stem guards and 
removable keys for valve-stems. The ends <if the stems 
will be triangular in cross- sect ion. 

The radiators in the wardroom, cabin, and steerage 
will consist of pipes led along the deck at the bottom of 
the bulkheads, and will be covered with an approved 
metallic casing easily removable. 
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The steam and drain-pipes will be of seamless-drawn 
brass, of iron-pipe size, suitably connected by compo- 
sition fittinjjs in a manner that will permit them to be 
easily taken down for repairs. 

All union-joints vvil! be coned or have corrugated cop- 
per washers. 

All holes thruitjrh decks and bulkheads will be thimblcd 
with brass. 

Steam and drain-pipes will be clothed where near 
wood-work, and elsewhere as required. 

The steani-pipos will connect with the auxiliary steam- 
pipes where directed, and be fitted with adjustable redue- 
in^-valves. 

The drain-pipe of each circuit will have an approved 
automatic steam-trap diseharjfiuK into feed-tank, and 
elsewhere as directed. 

Independent steam-pipes will lead from engine and 
lirc-ruoms to the i>rincii)al divislonsof the officers' quar- 
ters and fnrward parts of the ship. 

177. WHISTLES. 

An a]>proved polished brass chime steam-whistle, with 
bell of about S inches diameter, will be placed forward 
of the smoke-i)ipe, well above the level nf the awnings, 
and connected to the auxiliary steam-pipi' by a pipe 
having a slop-valve at its lower end and a working-valve 
at the iippL'r end. The pipe will have an expansion- 
joint at lower end. There will be a shrieking whistle of 
approved iiattcrn and si/,e. placed where directed, and 
connected similarly to the whistle. Iloth whistle con- 
nections will have drain-pipes lilted at the lowest points, 

178. HOSE AKD H0SB-REEL8. 

A sutlicienC length of hose will be supplied for each 
engine-room and each lire-room, to lead to the farthest 
part of the adjoining eoal-bunkers below the armored- 
deck. The hose for engine-rooms will be ol the best 
quality rubber-lined linen, and that for (ire-rooms will 
be the best quality foiir-ply rubber engine-hose — all 2|^ 
inches diameter, with standard couplings. Each hose 
KiOTr.— 12 
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will bt; supplied with a rubber hose-pipe with handles. 
A pair of spanners will be supplied Cor each hose-nozzle. 
A hose-reel of approved pattern will he fitted in each 
fire-ruoni, and a swin'^infj braelcel or similar hose rucep- 
taele in each engine-room. Hosc-jiiiK's and spanners will 
be fitted in beekets. 

9. SHAFTS THEOUGH BULKHEADS. 

All shafts pa-isin.t; Uirou^li water-tiyht bulkheads will 
be fitted w Ih stiiHinji-boxes, each in two parts. 

0. FLOORS AND PLATFORUS. 

The enjrine-rooms and firc-n>onis will be lloored with 
wrouj;lit-iron plates '4 inch thick, with neatly matched 
flat-topped corruj;alioiis. The plates will be of conven- 
ient siie and ea>ily removable. They will rest on pro])er 
ledges of aiij;le or T-iruii. and will have drain-hnlcs 
where necessary. I'latfornis will tie provided for jjetlin^ 
at all parts of the main and au.\iliary cnjiines and l>oilers. 
These platf'irnis, where placed over movinji machinerv, 
will be lined the .sa-nc as the lower lloors. In other 
places thevwill be iii..dc of iron rods -^s inch s(]uare, 
placed -'^ inch apart. 

1. LADDERS. 

Ladders will be fitted wricrcver ncccs.sary for rcachinji 
tile eni,'inc-roonis and lire-nioins fr.nu deck, and for 
reaching the various j-latforiiis. passages, and parts of 
machinery. The enf,^tne-room ladders will !te made with 
plate-i roll' siiKs and liyiiieasi-irr.n treads witli eorruyated 
tojjs. The lire-room ladders will be made with plate 
sides and di-ulile sijiiare har-trcads. 

All ladders will be so fitled as tn be easily removable 
where recjuired. and will be jiiinted and hinjied, with 
necessary fasteniiifjs and ^'ear. where they have to be 
moved when elosin.t; hatches. I.itiht iron ladders will 
i>e fitted [» and throni^h one ventilator in each enjjine- 
room as n-eans of ej^ress when the battle-hatches are 
closed. 

dear will be provided for quickly opening the battle- 
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lolishud all over. The lower 
iijili floor-plates with 



hatches over the tire-room ladders, this gear to be worked 
from tire-rooms. 

182. HAND-RAILS. 

Hand-rails, easily removable where required, will be 
fitted to all ladders and platforms, aroniid movinif parts 
of machinery, and alonjj bulkheads and passage-ways. 
The hand -rails and stanchions will be made of deoxidized 
hrcin;:e, or of ajiproved efiuivaleiit metal which will not 

easilv tarnish, and will be I '"' ' 

ends' of stanchions will p;i. 
nuts undcrnc-ath. 

183. GEAR FOR WORKING VALVES FROM DECK. 

Tlie safetv-valves. boiler stop-valves, and engine-room 
sto])-vah-cs,' as elsewhere specified, will have suitable 
gear for working them from the main deck, if required. 

'I"he iod.s of the gear will be guided and supported on 
deck by east composition standanis, left rough and 
painted, j-'aeii rod will have a hand-wheel at lea.'ft 3 feet 
above the deek. The sto]i-vaive hand-wheels will he la 
inches in diameter, each to be fitted with an approved 
lock and key; all locks and keys to be alike. The wheels 
will be of brass, polished, and will have their rims con- 
nected with the hubs by ]ilain discs without holes in them, 
< )r in lieu of hand-wheels, if directed, polished brass bar- 
handles will be fitted to s<|uares on the turning-rods, 
and will be stowed in beekets on Inilkheads. The lops 
of rodswil! be ])Loleeted bvbrasseaps. All hand-wheels 
will be en-raved with na'mc. or cast-bra.ss label-plates 
with pnlistied raised letters will be li.Ked to adjoining 
bulkheads. 

184. LIFTING-GE&R. 

Rflicient Hfting-gear, consisting of traveler-bars and 
pnlleys, dcekbeam clamps, tnrnbnckles, shackles, hooks, 
eye-holts, and as may be directed, will be titled wherever 
required for lifting parts of the machinery for overhaul- 
ing and repairing. 

Holes will be lapped in all the principal movable parts 
of machinery for this purpose. 
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■6. OIL-TANKS. 

Oil-tanks, of 1,500 j^.tlluiis total cuiXK-ilv, divided us 
directed, will he fittL^d wlicro direetud, with' facilities for 
fillintr from deck. ThL'v will be made tif j;al\-iaiizod 
wrought- iron not less than ' i inch thick, and will each have 
a glass ifaufie. a man-hole and cover near the top, and a 
locked-cock for drawinij oil. In each iMif;i:ic-room there 
will be fitted two copper oil-tanks '•( 20 i^alh'ns eai'h and 
two of .S jjallons each, and in each linilcr co:iipartnient 
one of 5 jralloiis, all with lock-cocks, AH oil-tanks will 
be fitted with drip-pans. 

Each of the lar^'er oil-tanks will have a hand-]nimp and 
pipes for fillin^f the smaller tanks. 

Two j,'alvani/.cd-iron tallow-tanks, with hivi-cd covers, 
will he litt,-d where directed. 

16. VENTILATORS. 
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in;j l)ans hut lei't nnrinishei! on the ..ntsirlc, 
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17. TOOLS. 



: will beat le.n 
ith all appliar 



ntilator in each lire-room, 



The following' tools will be fiirnishcd in addition to 
those elsewhere specified: 

One set of wrenches complete for each cnf;;ine and each 
fire-room, tn be fitted for all nuts in their respective com- 
partments, ])lainly marked with si/,cs, and fitted in iron 
racks of approved pattern. The wrenchtis, to^ -waX-^ <i^- 



bdlts less than uiie inch in diameter will be finished, and 
for all over two inches in diameter will be box-wrenches, 
where such can be nscd, Sucket-wrenchcs will be fur- 
nished where required. Ojien-end wrenches will be of ' 
steel or wroujiht-irnn. with case-liardcucd jaws, al! others 
of wn^ii.L:ht-ir(iii ..r east-stccl: 

One ]>;Lir of taps, on rod. for tappiaj; front and back 
tubc-^hccts of r.Kiin boilers at one operation. This will 
bo a duplicate of th;U used in oi'i'^n'nailv tap])i]ifj the 
sheets, and he so j.acked as to he |ierfeetlv protected from 
injii] 



fixed iraniniel for setiinj,' t!ie mnin valve 


s without 


>v;ti- the overs, (he valvc-steu^s to be 
:i-d for thi> parpi>se: 


properly 


;;eLl tvrunuiels or j^au'.'os for aligning' era 
^ pir.s Ipciii- lei into pili.^wdil.ieks and cenl. 


nl: -shafts, 
jr-markcd 
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\-- c'iipleie sets of (iif-lools i->r eaeli lire- 




>; coal and >i.-; ash-huckets f.-r uacli tire-ro< 


>n;. 


1 traniujcls and ^■■au;j:es will have protect 


inj; eases. 



88. DDPLICATE PIECES. 



( )ne- 



.alves for each pan, 
;cat, with .iruardsaiK 



ffollowci 



1 bolts eonipJctc. for air- 
nd nuts for each stcam- 
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df set of s]»rinys for each steam-piston; 

Two bottom brasses and two t"]ibra.sses for crank-shaft 
bear-'n^s: 

Two crown-brasses and two butt-brasses for crank-pins; 

Two caps and two butt-brasses for cross-head journals; 

Two composilion j^ibs complete for cross-heads; 

One section of crank-shaft, to be fitted in place, and 
delivered at such naval station in the United States as 
mav be directed, to be left in store; 
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A full set of blades for each prupcller, fitted topmpcl- 
ler-bosscs. Thus'.- black's will lit.- <>( such pattern as mav 
be directed after the trial ..if the vessel: 

One ennijdete ■^ci n{ brasses fur each main engine valve- 
gear: 

One einTipiete set nf brasses for each eirculatinji-pump 
enj,'iiie, each air-]i'.uii]> c:i^jin<', each r.iaiii fced-pmiiji, each 
tire-pTi!ii|', and each blc.wini.'-cn'.riuc: 

Ftmr spare c;ip-Ie: :hcrs fMre.ui! ..nc rtlted in hydranlic 
gear: 

One p-^iun-n.d for each ;.ist'^ii ..r each pump: 



same: 

Tv.-n ash-pit damper-., with ;i.';i 


:■ ci.mpictc: 


Tw- ;:sh-|.il iN.nrs: 




Onehii:idrcd Slav tube^ fn.- n,, 
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All Jinishcd duplicate pieces ni.t -if brass. excciM as 
otherv.-ise siiccilicd, will be painted with three coats uf 
white lead and .>il and well lasJicd in tarred canvas, with 
the name painted uiiontside. lirass pieces will be marked. 
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or stamped. All pitjcos will be stowed in an approved 
manner. 

All boiler-tubes will be seenrely stowed in raeks, or as 
directed. 

1S9. HATEBULS AND WORKUANSHIF. 

All castin,^'^; must be sniind and true to form, and before 
bcinj; paintfd luust be well eltaiied nf sand and sealc, 
and all lins and roiij,'liness reiiinvLil. 

No inipcrfeet eastiiiy; or iinsonnil forjjinjj will be used 
if the delVei alltcts the stren^^t]] ■■r to a marked dejfree 
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ve-;;ea:- will be hardened and 

■i.rsinKtion of the inaehinery 

TIk' iron easlinj;s will be 

Hit scrap, exee])l where other- 

1 be made of new matertal.s. 
i'ill ie by weijflit, as follows: 
I jjuide-jiib.'i where not other- 

e '4 parts. 



Naval brass — 
Copper (iz, tin i. and zinc ^^ per cent. 

For composition not utlicrwise specified — 
Copper SS, tin lo, and ?,inc 3 per cent. 

MiintK inetiil will he of the best conmiercial iinalit)-. 

Anti-friction metal will be of approved kind. 

(,>rnaniental brass fit tin^.s will bcof jjood uniform color. 

All castings will be increased in lliieknoss around core- 
bnlcs. Core-holes will be tap))ed and core-idujfs screwed 
in and locked. fKccpt where bolted covers arc used, or 
where it mav be directed that the holes be left open. 

All steel fotvin^-s will I'e without welds and free from 
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Iiidia-ruhiier valves will be 
commercial qnality. 

All boU^ (nr secnrinj,' the boiler attachments will, 
where practicalile, be screwed throu^'-h the boiler-plates, 
with heads inside. 

All work will be in e\er> respect of the first quality 
and cNccTitcd in a wurknianlike and substantial manner. 

Anv porti'in of the work, whether partially or entirely 
coni])'lc-led. r<iiiTid defective, must lie removed and satis- 
factorily replaced without extKi charj,'c, 

190. TESTS OF MATERIAL. 

All steel used in the vonstruetinn of the boilers, and 
all steel for^■in^iS and castiuj^s. will he te.sted in accord- 
ance with rules prescribed by the Xavy Department. 

All boiler and condenser-mbes will be tested to 3C0 
jxiunds pressure ]>er square inch, applied internally before 
bcinji put in place. 

India-rubl.'cr valves, taken at random, must stand a dry- 
heat test of :',o° 1', for one hour, and a moist-heat test of 
320^ 1". for three hour.s, without iniurv. 



191. TESTS OF BOILERS AND H&CHDIEBT. 

Before the boilers are painted or placed in the vessel 
they will be tested under a pressure of 150 pounds to the 
square inch above atmospheric pressure. This pressure 
will be obtained by the application of heat to water 
within the boilers, the water fillinfj the boilers quite full. 

The steam-pipes and valves, the auxiliary enj^ines, and 
all fittin^rs and connections subjected to the boiler press- 
ure will be tested by water pressure to 250 pounds to the 
square inch. 

The hij;h-pressure cylinders, jackets, and valve-chests 
will be tested by water pressure to 240 pounds to the 
square inch, the intermediate-pressure cylinders and con- 
nections to 150 pounds, and the low-pressure to 100 
pounds. The exhaust side of the low-pressure valve- 
chests will be tested to 30 pounds. The condensers will 
be tested to 30 pounds. 

Thepumps, valve-boxes, and air-vessels of the feed, fire, 
and bil^e-pumpH will be tested to 300 pounds per square 
inch. The cylinders and condensers will be tested before 
beinj; placed on board, and must be so placed that all 
parts may be accessible for examination by the Inspector 
durinjr the tests. All parts will also be tested after being 
secured on board. No lafi^injj or coverinjf is to be on the 
cylinders or condensers durin^f the tests. 

192. PAINTIKQ. 

After a satisfactory test the boilers will be painted on 
the outside with two coats of brown zinc and oil, and 
when in place the fronts will be i)ainted with oneeoat of 
black paint. 

All enjiine-work, not finished, will be primed with two 
coats of brown zinc and oil, and when placed in position 
on board the vessel will be painted with two coats of paint 
of approved color. The shafting, when in place, will be 
painted with twi> coats of red lead and oil and two coats 
of black paint. 

The smoke-pipes will be thoroujjhly painted before and 
after erection on board. The ventilators and cowls will 
i:«7i>— 13 




ilO 

be paiuttid similarly to iht- sniokf-pipcs. cxtcpt thu 
riors of the cowls, wliit-li will be painted vcnuilion. 
All pipes will he iiaiiited in aceordanci with :t sih< 
to be liereafterl'iiniished. 



193. PRELIMINARY TE5TS AND TRIALS. 

Steam will niA '.e raised in the boi 

iriints, for wliich |nirp'ise the pressiir 
io[,ninul> per square ineh. 

Alter icstin.Lr, steam will he raiseil ' 
ever reijuired. tn lest liie 
of all parts uf main iiml ;:u.\iliar\' eniiines, 
of sneh preliiiiin.u-y te.-ts will i)cbnrn.. hy t 

194. SOPEEINTENDING ENGINEERS OFFICE. 

A HuUable oM:ee and a -^uitahle i.hariin---r 



jitii after the 
n^ or testinji 



■etiiiis and the wrjrkiniTS 



his assistants, 

195. RECORD OF WEIGHTS. 

AH Unished ni:;eiiinery, buikrs, and appnrlenanecs 
thereof, as tiiud, and all si>are maehinerv and tools 
herein sjieeitied, will he weijihed by the eont'nietor in the 
presence of the siiperinlendinii naval enj^ineer or one of 
his assistants before beinj; plaeed on board: and no part 
of (he material will be placed on bi>ard withont bcin^ so 
wei)^hed to the satisfaetion of the snperintendinj^ naval 
entrineer, 

196. WORKING DRAWINGS. 

All drawings necessary for the proseeution of the work 
must be pre]>ared by and at the expense of the contractor. 
Those which are developments of che drawinjfs fnrnished 
and of these speeifi eat ions will he subject to the approval 
of the superintending naval engineer before the material 
is ordered or the work eommenced. 

In the drawings furnished, figured dimensions, where 
given, will be followed, and not scale dimensions, unless 



